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FXEK> OF TEE XWmmiQM 

5 The present invention reiat.es., inter alia, to novel variants 

(.mutants) of parent Termamyi--h.i ke a~amylases, notably variants 
exhibiting increased thermostability at acidic pH and/or at low 
s * x i j v. v . . <~ .. * c are 

advantageous with respect to applications of the variants in, 

10 industrial starch processing particularly {e.g. starch 
liquefaction or sacchsrif ioation; , 

OF THE IlsraEllTION 

a --Amylases (a-1 , 4~giuean~4~giucanonydraiasss, EC 1.2.1.1; 

IS constitute a group of enzymes which catalyse hydrolysis of 
starch and other linear and branched 1, 4~giuccsidic oligo- and 
polysaccharides , 

There is a very extensive foody of patent and scientific 
literature relating to this industrially very important class of 

20 enzytaes. A number of a-amyiase such as Termamyi---like a --amylases 
variants: are known from e.g. WO SO/11352, WO 95/10603, WO 
95/26397, WO 96/23873 and WO 96/23874. 

isnong mar s iselosu j bo 

96/23874 provides three-dimensional X-ray crystal structural 

25 data fox a Termamyi-Hfce « -amylase which consists of the 300 H~ 
terminal amino acid residues of the S. amyloli quefa ciens 
a~aaylase and amino acids 301-483 of the C-terminai end of the 
B, lichen! formis a-amyiase comprising the amino acio sequence 
{the latter being available commercially under the tradename 

30 i <. c'Cv^i .h\ the 

11 s < -a v - the present 

context are embraced within the meaning of the term "Termamyi- 
iifce a-amyiases", and which include, inter alia, the B, 
lichenifczmist B. amylol xquef a ci ens and B. steazQihzrmophiluz 

35 a-amyiases) . WO 96/2 3874 further describes methodology for 
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designing, on Che basis of. an analysis of the structure, of a 
parent Termamyl-iikx -amylase, raryl 
like a -an se o * p - ive t the 

parent . 

5 WO 95/35382 {Gist. Brocades B.V.; concerns amylolytic enzymes 

derived from S. iicheniforras with improved properties allowing 
reduction of the Ca : ' concentration under application -without a 
lose of performance of the enzyme. The amylolytic enzyme 
comprises one or more amino acid changes at positions selected 

10 re eg of 104, 2 2 18 7, tne £ he : a- 

amylase sequence. 

WG 96/2387 3 (Novo Nordisk) discloses Termamyl ■■ 1 ike ^--amylase 
variants which have increased thermostability obtained fey 
pairwise deletion in the region R181*, GIB.2% T183* and GI84* of 

35 the sequence shown in SEQ ID NO; 1 herein, 

BRIEf OF THE TIWBMTKM 

The present invention relates to novel a-amyioiytic variants 
(mutants) of a Iermamyi~iike a-amylase, in particular variants 
20 axh k ; c < i t Testability r« \v< i 

which arc advantageous in connection with the industrial 
processing of starch (starch liquefaction, saccharif i cat ion and 
the like) . 

the inventors have surprisingly found out that in case of 
25 ombining two, three, four, five or six mutations (will be 
i < c v. e Lt > ke a- 

- 5 «• - " - N at low Ca 2 * 

concentration in comparison to single mutations, such as the 
mutation disicosed. in WO 96/23873 (Novo Nordisk}, x c pairwise 
30 deletion in the region R181*, 0182-% TI83* and G 134- of the 
sequence shown _ SEQ ID NO; 1 herein. 

The invention further relates to DMA constructs encoding 
variants of the invention, to composition comprising variants of 
the invention, to methods for preparing variants of the 
35 invention, and to the use of variants and compositions of the 
invention, alone or in combination with other a-amylolytic 
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BRIEF DESCRIPTION OF THE DR&WIBS 

5 * v , o f six 

par* it Termamy.l-l.iKe a- - - c >& invent! 

The .no rs on th xtre-j - — ay f u in 
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K&oamy.'. 








SEQ ID 


NO: 


1, 




SEQ ID 


NO: 


5* 


5: 


SEQ ID 


NO: 


4, 


S: 


SEQ' ID' 


NO; 


3. 
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DETAILED DISCLOSURE OF THE IHVENTIOK 




instance, the 3. I .mburn i m; rru s a-amyiase comprising the amino 
acid sequence shown in S'oQ ID NO; 4 (commercially available as 
Termamyl™) has been found to be about 89% homologous with the .8. 
< - i- v *~ < > c .-"v. am > ~v.iv. .ouo'.c 

25 shown in SEQ ID NO: 5 and about 791 homologous with the .8. 
s tearothermaph i is > amylase coiapris og the amino acid sequence 
* i ' v „ N - „ ' -o ; < v „v * v.u N an 

30 in detail in WO 95/26397, and the en-- amylase described by 
Tsnkamoto et ei. f Biochemical and Biophysical Research 
Communications, 1.51 (1988), pp, 25-31. 

Still furthei homologous u -amylases include the o.-amylase 
prodnci >> she & . i r d r n sS 0252 £6 

35 {diCC 27811},- and the a~ amylases identified in WO 91/00351 and 
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m 94/18314, Other commercial - - - S. - - 

a~ amylase s are Opt ithertv'" and TaKatner.el M (available from 
Soivay) , Maxamyi™ (available from (ltst~uarocades/fensnsor } , 
Spesym AA* tM and Speryme Delta Alv" : available from Or us near : , and 
3 Keistase' tM (available from Dares ; . 

Because of the substantial horology found between these a™ 
i 5 class of a~ 

amylases, namely the class of ~ \ a--amyiases > P 

\ s „ ~ ,3V ,\,u , f 

SO a-amyiase" is Intended to indicate an. (x-amylase which, at the 



15 sequence shown in SEQ XD 80S; 1, 2, 3, 4, 5, 6, 7 or 8 herein, 
and the amino acid sequence shorn - SEC h N \0: 1 oi d ?5/26391 
(the same as the amine acid sequence shewn as SEQ ID EG ; 7 
herein) or in SEQ ID NO: 2 of ^0 95/2639? (the same as the amino 
<. i ^ v ' - < t - < ' so t e t 

20 ai . , 1938, {which amino acid sequence is shown :.c SEQ ID DO : 6 
herein} or 1} which displays at least 60%, preferred at least 

01, sore pi red at lea even more pre ^ s 

80%, especm by a Leas iie , espec a \ preferred at is st 901, 
eves especially more preferred at least 1st homology with at 

25 least one of said amine acid sequences shown in SEQ ID HOS 1 or 
2 or 3 or 4 or 5 or 6 or 7 or 8 and/or 11} displays 
immune logical cross - react i vi t y with an antibody raised against 
at least one of said a- amylases, and/or ill; is encoded by a DRa 

a~amylases which are apparent from SEQ ID NOS: 

1 " ^ ^ OlutC 

the amino acid sequences shown, in SEQ ID MOS; 

es f r om S EC Q ; 3 wO 

ft seqnenc s ter A rtr th« r.oj u u - TAP, 
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sequence ;-:howr; in SEQ ID hO: 8 herein) and from SEQ ID NO: 5 of 
hO 95/26397 (shown in SEQ ID DO: 14 herein) respectively. 

In connection with property i) , the "homology" may be 
S c r I e of a - on&i aigoriU > I by- 

use of the GAP progamme- from the GOG package version ?,3 (June 
1993} using default values for GAP penalties, which is a GAP 
creation penalty or 3.0 and GAP extension penalty of 0,1, 
3c : s \.y , , c ^ - i iru- - v ~ — GCG 

18 Package., versioi ?, 'i hesnce Drive Gaols , Pis onsxn, USA 
53711) ; 

o~ i era e used t id vciiG e ivai en r< 

pos ".ions in oth< \- ; rmamyl -like a~amyissss. Pus method of 

Li obtaining said structural alignment is to use the Pile Up 
programme from the GCG package using default values of gap 
penalties, i.e., a gap creation penalty of 3.0 and gap extension 
penalty of 0,1, Other structural alignment methods include the 
pdxup v cluster analysis (Gaboriaud at a.I . , (1987;.. FEES 

20 LETTERS 224, pp. 14 3- IBS) and reverse threading (Kuher, T ; 
Tcrda, AS, PROTEIN SCIEPCS Vol. 7, So. I pp. 142-149 (I3S8). 

Property ii) of the a~amy.lase, i„ e. the i ,. ca^ 1 cross 
re DtJ i *■ N say be ( ped using i boo 3 s s 3 i is or 

reactive with, at lease one epitope of the relevant Termamyi- 

25 L t k u- i ? r „ t > > , or 

polyclonal, may be produced by methods known in the art, e.g. as 
described by Hudson et al „ , Practical Immunology, Third edition 
{1989), Blackwe.il Scientific Publications- The immunological, 
cross-reactivity may be determined using assays known in the 

30 art, examples of which are Western Blotting or radial immunodif- 

respeet, immunological cross-reactivity between the a-amylases 
having the amino acid sequences SEQ ID N05: I, 2, 3, 4, 5, 6, 7, 

i-1 ! env in accordance witi pro ert ill 
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10 ilovi si - ngency! prererred ftc - diu> st J ngen > - more 

preferably at 65°C (high stri ngeney > , even snore preferably at 
■~7 5°€ (very high stringency) . More details about the 
hybridization method can be found in Sambrook et al. f Molecular 
Cloning; a Laboratory Hannai, 2nd Ed. f Cold Spring Harbor , 1989, 

35. In the present context, "derived from" is intended not only 

to indicate an a~amyiase produced or producible by a strain of 
the organise! in question, but also an a-amylase encoded by a DNA 
sequence isolated from such strain and produced in a host or- 
ganise* transformed with said DMA sequence. Finally, the term, is 

20 intended to indicate an a-amyiase which is encoded by a OKA: 
sequence of synthetic and/or CtMh origin and which has the 

Uea i o :n, s _ to indicate than the parent a-amylase may 

be a variant of a naturally occurring < ^ , „ a variant 

25 which is the result of a raod.lt ication (insertion, substitution, 
deletion} of one or more amino acid residues of the naturally 
occu r r i ng a -amy 1 a se . 

Pare- * v * ^ 

30 The parent ~ - •=> c < a™ 

ami as ear en se comb 1 partial amin acid 

sequences derived from at least two a-amylaseSs 

The parent hyorid a-amyiase may be one which on the basis of 
rf i ,. o?,^ e-^v* i * 
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to the lermareyi-iite a~amyias~ fasu.ly. In this case, the hybrid 
u *> . i t p a o; en o t n\ y ? ; ' r a 

?erm.am.yi---i.U:e a- amylase and part is) of one ox more other ot~ 
S amylases selected from Termamyi-iiks a~amyiasss or non-sTermarrnbi- 
.A a- n a , * n-e 1 < +- <- - * - <>- 

Thus, the patent hybrid a~aan/iase may comprise a combination 
of pax < rom at least two 

JO Ternary! -like a-amyiases, or from at least one lextaamyi-iike and 
at least one non- Ts rmamyl- like bacterial rx~amylase, or from at 
\ N ^ - - " the 

Terraarayl-liko a~amylass irons which a partial amino acid sequence 
derives may, e.g., be any of those specific Temamyi - 1 ike a- 

is amylases referred to herein. 

Fox instance, the parent a- amylase may comprise a C-terraieal 
part of an. a-amylase derived from a strain of r\ lichen if orsxis, 
and a t;-terminai part of an a-amyiase derived from, a strain of 
B. amy.:oi.io;r>f.->a.nr;.<; or from a strain of B, stcarozhazmophilns , 

2D For instance, the parent a-amylase may comprise at least 430 
amino acid residues of the C-tersb.nai part of the fi, 
licheniformis a- amylase, and may, e,g, comprise a) an and no acid 

of i sse bams 

.25 sequence shown in SEQ ID NO: 5 and a N amine sold sa:m.-r 

It '< am s - bavins the amino acid sequence sheen 

in c rr, T 1 ^ >• , h to 

ID NO ad an ar acid agme t ecr responding «15 C~ 

term! ? - - e of the licheniformis a~a Lase 

^~ - > - * ~"~e shown ±:i 1. ^ v h 
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. ^ u <m s. ^ . , a- 

amylase (different iter ; daman -like o-amylase} . Specific 
examples of each a-u^yisses include the Aspergillus oryzre TAKA 

5 a ! \ v , + 1 subt a- 

amyiase, the porcine pancreatic x * and a barley «••• 

ayies* > s? a-Myi e a dated stnscturss 

which are markedly cliff srant ^ > structure of a 'vrir 
rermamyl- Ike a-assylase a tarred t stein, 

10 The t rs van ses a ntioned ibo\ , -a. jerivec f v, A. 

niger and A. orysae, are highly homologous on the amino acid. 
1* 3 <uta o belong >e same f ami of 

«~amyiases. The fungal a-amylaae derived from Aspergillus oryzae 

tS I « i cula.t 3 Tentusa -,<• «- 

i a £ the Invention} is refer* - to - in a 

deletion or substitution) of specific amino acid residues in the 
amino acid sequence of a specific Termaswi-iike a~ amylase, it is 
20 to be understood that variants of another Terjaamyi-li ke a- 
amylase modified in the equivalent position (s; (as determined 
<. n t-» -e i i cm i -> the 

f a * an - sen ma e $ mpassed thereby 

A preferred embodiment of a variant of the invention is one 
25 derived iron a P. lichen! form is tm-arayiaae [as parent Termamyl- 
like a -amylase) , e.g. one of those referred to above, such as 
the Eu lichen! formis a~amylase having the amino acid sequence 
shown in SEQ ID NO: 4. 

30 . 1 , • ., ve:.: 

i N - ' r. tr. , m a* - ^ m 

accomplished by cultivating a • • -.:.■>■ memam comprising a DNA 
x §nc u iiftg h ' u ht de> 2o;iditiqris which &x« 
conducive for producing the variant. The variant may then 
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i e recovered fr( [he i e ing cultur« t This 
is descrir. i i seai further low, 

5 Tfts following discusses the relationship between mut.ar.ions 

*di< ma\ c px e e- li reacts e in ratio; , ars ^esirab •;. 

aiterati % i pre ; iex (reiati ' - s r re; rermamyj 



10 illt.i-^otii iAiiiih?.t\sh.h^Ai.Li di acidic £h_jarsju^ at cw bo.". 

v a . , : 

Mutations or particular relevance in relation to obtaining 
variants according to the .invention having increased 
thermostability at acidic pH and/or at low C.a ' concentration 
15 include svutations at the following positions {relative to 3, 
ichm foi is a am\ ase, SEQ ID NO: 4): 
M1S6, Ull 2, A181, N188, KI90, H20S, 02 07,. A209, A210, £2:11, 
Q264, M26S. 

In the context of the invention the term "acidic pK" means a 
20 pH below 7.0, especially below the pH range, in which industrial 
starch liquefaction processes are normally performed, which is 
between pH 5.5 and 6 . 2 , 

In the context of the present invention the term >v low Calcium 
cone en tree lord'' sieans concent rat ions below the normal level used 
25 in industrial starch liquor action. Normal concentrations vary 

<■ ">~ * Is. i „ >. > x is '1 t 

a dosage corresponding to Imb (40ppm) is added which together 
with the level in corn gives between 4 0 and 60ppni free Ca 2 * 

In she context of the i c 1 r.e.tm bhig c creatures 

30 means u i> between 9S°C and mV\ , especially the 

temperature range in which industrial stares liquefaction 
processes are normally performed, which .is between 95°C and 
105°Cb 
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It n <. _ v I « m. > «- 

amylases mentioned specifically below are contemplated. Also 
her commercla > j An 

unexhaustive list of such a-amylases is the following; 
; ^ ! i j in 

SP 0252666 {ATCC 27811), and the oummiyiases identified in Wj 
SI/00353 and WO 91/18314. Other corarcercial Terraamyl-like £0 

v. n 1 * {: > „s s ! iv * o i 

(available from Solvay) .. Haxarayl™ (available from G.iat- 
i i <■ ^ ^ i from 

?enenc >> f and - t.ase TJ 03 c e ota Da w 

It may be mentioned here that. amino acid residues f 
j p< tivalo at posit io e$£ >ndin& to 1201 D2G7 and 

£211,. respectively, in SBQ ID MO; 4 constitute amino acid 
residues which are conserved in numerous Teroamyi-iike a- 
amyiases> Thus, for example, the corresponding positions of 
these residues in the amino acid sequences of a number of 
( rmass k N - . nectioneol (vide 

supra) are as follows t 

Table X, 



Tamrmmyl- like «x-a«tylase S j" DBS 
35 



WO 
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S, UsshezslfoxmiS (SSQ ID JSC: 4 5 U190 12 Qx D20" E211 Q26« 

B . . \ Q2&4 



B212 mX6 
SSI 3 S3 IS 
S2I2 B2I6 



Mutations of these conserved amino acid residues are very 
m important in relation to improving thermos t ability at acidic pH 
and/or at low calcium concentration, and the following mutations 
are of particular interest in this connection (with reference to 
the numbering of the B. Xich&nifoxmls amino acid sequence shown 
in SEQ ID NO; 4} . 

15 Pair-wise amino acid deletions at pes - - to 

R17S-G182 in SEQ ID NO; 5 corresponding to a gap in B&q lp. ®Qt 
4, when aligned with a numerous Termamyl-like a~amylases. Thus, 
for example, the corresponding -positions of these residues in 
the amino acid sequences of a number of Terwamyl-like a- amylases 

20 which have already been mentioned (vide supra) are as follows? 

Table: 2. 



Termatsy! ■• i ike ce-amylasa Fair wise a«ur;o acid deletions among 
25 



S. .?« V " ^ *"U 


(SSQ ID NO. 5) 


R17S, 


G17?> 


EI 78, 


sr?s 




B iStQ in 2SfC.3) 


R179, 


S180, 


1181, 


Si 8 3 


Baailva WO SS/2S397 


i SEQ ID NO. 2} 


E18X, 


GI82 , 


TXB3, 


0.184 


Sa villus m) 35/2S3S-7 


(ssq w m.i) 


RZS1, 


SI 82, 


M 83, 


G184 


^Bacilim sp. «?o?" 


(SEQ ID Ho.S.) 


H18X, 


one. 


HI 83 ,. 


0184 



When using SEQ ID NO: 1 to SEQ ID NO : S as the backbone 
{i.e. as the parent Texriaoyi-like a- amylase) two, three, four, 
35 five or six mutations may according to the invention be Tuade in 
the feline- in:; legions /position e te increase the ehsroostabiiity 
at acidic pR and/or at low Ca ; " concentrations (relative to the 
parent) : 

(relative to Seq ID NO; 1 herein); 
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X: R1SI% G182*, T183*, G184* 

2: m ;/ , , C ; v S,M, F, ?,S, r,W ( i' ( V; 

4 : E 2 1 2 A , R , D, H, C ; Q, G .. H , I , L , K , M , F , J? „ S , T , W , V , V ; 
5 5: E216A,R,D f S,C ; Q,G ; M ; I ; L f K ; H ) F l P,S,T f l ? Y,V; 
6: F, D, K, C, B, Q, G,ti, X, L, M, F, P, S. T, W, Y, V; 

{relative to SEQ ID NO: 2 herein}: 
i: R18!*,G182*,D183-%G184* 

2 : N195A, E t D> C, E, Q, G, H , I, L, K, M> F, P, V; 
10 3: V206A, E, D, H, C, £,Q, G, H, X , L, K, M> F, P, S r T,W» Y> 

4 : £2 12 A, E> B,N,C,Q,G, H , X : , L f K, B, F, P, $,T,W,Y,V; 

5 : E216A, R, D f H, 0, Q, G ; H> .X , L, K f My F, P, S, T , W f YQV ; 
6 : K2 69A , R , D, M , 0 , £, 0, G, H , I , h, M, F, P, S, T, V?, Y f 7; 
(Relative to SEQ ID KG: 3 herein; ; 

tS 1: R179*,GI80, X181SGI82* 

2 : N193A, R, D, C, S, Q, G, H, X, L, K, M, F, P, $,T,W, Y,V; 

3: L204A,R, D> H, 0, E f Q, G, H, I, K,< M> F, P,S,T,W,Y,Y; 

4 : E2I0A,R, D, N, G ,Q, G, H, I , L, K, M, F, P, S, T,W, Y, V; 

5: E214A,R,D,N,C,Q,G,H, I,L,K,M, F, F,S,T,K,Y,V; 
20: 6 : S267A, R, D, N, C, E, Q> G, H> J. f L, K> M, F> P, T,W f Y/V 

Relative to SEQ ID EG: 4 herein) : 

I: QI78*,G179* 

2 1 NX90A, R, D, C, E, Q, G, H, I f L s K , H F P , $ T , M , Y , V ; 

3: X201A., R y D, C, £, Q, G, H, L, K,M f F> P, S, T,^, Y/V; 
25 4; D207AyR,N,G,E ; G,G f H,I f lfK^M f F,P / S,Thvv,Y,V; 

5; £211A,R,D,N,C,Q,G,H, I , L, K r »{, ?, ?,S,T, W, Y, V; 

6 : QZmh f % D f E , C , £ ; G ; H, T ,. j . , K .. M , F,P,S,T/W f 2, V; 

(relative to SEQ ID 20: 5 herein) : 

I : R!?6*hG17?*,£i78,Gi?9* 
30 2: H190A, R f D, C, £ f Q, G, H, l r L, K,H, F, P, S, T, Y, V? 

3: V201A, B, D, H t C f £, Q, G, H, I , L, K,M, F ? P, S, T, Y; 

4: D207h f R f N,G,£,Q,G, H, I,L, K, M, P, S, T, W, V; 

&: E21Ih,R,D,N,G f Q f G f H,I,L,K,M, E ? S, T,W f Y f V; 

6; Q264h,R, D,N,C,E ? G f H, I f L f K,PQE, P ; $ t T f W ( X ( V; 
35 (relative to SEQ ID NO: 6 herein) : 

1: R181^C182*,H183*,Glg4* 

2; HI 35 A, R, D, C, E f Q f G, H, l t h t R t ti t F f P, S,T f W s Y f V; 
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6; K2 6.9A, R,D,N,C, C,Cv. ; <H ( l ( ., 
5 Contemplated accordin:;; 

three, four, rive or six mutation. 

Specific double mutations fox backbone SEQ ID NO : 1 to SEQ ID 
NO: 6 are listed in the following, 

Using SEQ ID DIG i r - - : 

10 matantions result mo the cos: red effect are co-T;teseplated 

according i avsra 





-R181-VG182VN: 


95A, R f 






E,Q, 


G,H, 


I, 




K. 


lb 




P, 


S> T 




Y 


¥; 








95 A, P, 






E, Q, G f H, 


I, 




K 




F, 


P> 




R; 


Y 


V?. 




~T183*/G184*/N: 


95A, B, 


0, 




£,Q> 


0, 11, 


1, 


L, 


K 


U, 




F, 


2.» T 


W 


Y 


■v? 






} \/ ' 


06A, R, 


0* 






a, 


L 




Kf 


M, 


F, 


P., ^ 


■T 


W,Y> 








0 6 A., R, 


Dy 


S 


v., L, 


Qf G, H, 






K, 




F, 


P, S 


T 














QJ 




Cb G,. 


R, 






Kf 


0. 


F, 


P ., S 


















N 


C ( . Q, 


O.H, 




L, 


K, 


H, 


F, 


P> 


i 






V; 














o f Q , 


G,i), 




L 


K 


H, 






&,T 


a 






20 








D, 




O ; Q . 








K 






P 






Y 






-RX81VG; 










c , Q , 


























-6182* /T: 












G, H, 


































C,Q 










H, 






S,T 
























H 






H, 






S,T 








2S 


-G182VTI 














H 






















-T18 3VG1 












Q r G , 














0,7 






y? 


















































L, K 
























30 


/E212A,R, 












t'G ?, 




f 
























Cn G,, H 






,K,M 


F, R, 






















/E216A,R, 


D, RRC. 


Q, Q, H 


I, 




K, M 


F, P, 










V 














-M195A,- R, 




Qf G, H 


I» 


L 




F> P, 






yv 


Y, 
















/K2SSA, R, 


D,N,C. 


RRChG 


H, 


I 


/L,M 


F, P., 


8 


T 


W 




y 












35 


~V206A,R, 




E,Q,G 




I 


, L, K 


M/F, 


P 






w, 
















/S212A,R, 


D> H, C f Of G f H 




L 


, K, M 


F, P, 
























-V2Q6A, R, 


D,N,C. 


S, Q f G 


H f 




h f K 


MRF, 


p 






¥V 















the preaent invention 



/iE216A,P. f D,N,C,Q,C 

-S216A, R. D f N,C,Q f ( 
/K2€9E f R f D, N,C,E, Q, G; 
Using SEQ ID NO 



1,1., K, H, F, £,S,T,W, i ; V: 
f L, E f M f Ff F f S, T r W^; $> ? 

H, I , L,H, &i W,< Y, V; 

I, L ; K,M, F, >',S,T, W, l t V 
H, I,L,M„8\P, S,T,-W,Y,V; 

2 as the 



u tactions resulting in the 
ccording to the invention: 



-R181*. 


G1S2* 


• ; N 


195^, 


R, 


D,C, 




G, B, I 


L. 


K, 


M f 


F, 


P, S ( T, 


W,Y,V; 


---G182* , 


'D183*/» 


litis. 


R, 


CgC, 


E,Q, 


G f B, I 


% 


K, 


M, 


F, 


P, S,T, 


Y/V; 


-•0183*. 


GI84* 


■''N 


195A, 


R, 


0,C, 


E, 


Q, 


G,B, I 


L, 


K? 


H» 


F, 


B> S,T, 


W,Y, V; 








10 SA, 


R, 


D, H, 




B, 


Q,G,H 


I, 




K* 


M, 


F f Fg S, 


fJ,Y; 








106A 


R, 


.0, N, 


c> 


£* 


Q* S> H 


t. 




K, 


M f 


F,P,S, 


T f W Y ; 








10 it 






G 


B» 


Ch-G,fi 






K, 


M, 


F, P, S, 


T W , Y ; 








2I2A, 




0, S, 






G, H, I 


L, 


K ( 


HT, 


F, 


P f S T , 


























H, 






























8, 








-R18.1*. 




















K 


M, 


















0,H, 












M 








-TI 83'. 










D, Kg 





















,T,W,Y,V; 



-2 lit 



D, N, C, Q, G f H, X f L, K, M> F, ? 
D, Cg E, Q, G, M, I , L, K, M, P, P 
K269A, R f D f E, C f E f 0? G f kg I, Xg H* F, P 
V2S63 B D f K, ( % 3, 3, E~,T,," f M,r 
E2 1 2 A ,. R , D ,. N f C , 0 , G , H ., I , L , K , M , Fg P 



-till 



-V 



,W, Y,V; 
, W, Y,.V 
,W,Y,V; 
P f S,T,W,Y 
S,T,W,Y,V; 
, P, S, Tg W, Y 
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' <' \, R, .\\,-,v\^H, T, T , K , F . F, P,S,T f M,Y f V; 
-V206A, R, D, N, C,E,Q,G,H, I, L, K, M, F, P., S, ?, W, Y 
/K269A, R, D, N,C, E,Q,G,H, I,L,M, F, ?, S,T,W,Y,V; 
~ S2 i 2 A , R , D , N C , Q , G , H , J , L , K , Pi , F , P , 3 , ? , W , Y , V 

-E2X2A, R f D, », C, Q, G f H, I, L, K, M, F, P, S, ?, W, Y , V 
/K269A, R77 N, C, £, Q, G, R, I, L, M, F, P, S, T, W, Y, ¥; 
~£216A,R,D,M , , , S,M, , \277F7 ,V 

/K269A f R, D, M, C, Z,Q, G, R, I, 2, M, F, P, S,T f W,Y,V? 
10 Using S£Q ID NO. ? as Che backbone ehe folkwlra double 

mut< nt sn U' ;u -s 
a c c o r d i n g t o t h e i n v e n t .1 o ; ; : 

-Rl79*/Gl80*/tU93A, R, D, C, E,Q, G, K-, l f L f K f M, F, P, .S,T,W,Y,V; 
t$*8 0*/ 1 ?3fc, : R^O, *, If L,"K> M>. F, P,/S , -T r », Y * V; 

15 LI81* ;182* K133A,R, L\C,E,Q,G,H, X,L,K,M P P. S , T, W, V, V ; 

-Gl80VnSl*/L204A,R,D.N,C,E,Q,G,H, I , K f M, F, P,S,T,W,Y,V; 

-I181*/G182*7L204A,R,D,N, C, £, Q,G, H, I,K,M, F, P, S,T, W, Y, V; 

-Ri79*/G180*7E210A, R, D, M, C, 0, G, H, I , L, K, M, F, P, S, T, W, Y, V ? 
m ~ G 1 S 0 * / 1 1 8 .1 * / £2 .1. 0 A , K t D f lh C f Q , G , H , I ,< 1. f K , M F, P, S/t, fc, Y/¥; 

-Tifel-* A,R, D,M,G, v \2, -i, I, M, F f P, S,T,W,Y, V; 

-P.17 9* /GI-jC* R, L\N, C, Q , G , H f l,L t K,H» F f p, S,T, K, Y/v ; 

~G180*/I181^7E214A,R, >, R G f 0-,. K, M, S, T, \ f 

-I181-./G132*/£214A, R, D , R , C f C? , G , b ,< 'I ., L , K . M , F .. P f S, T, Y, V ; 
25 -F17&*/Q130-/S26?A,R f 0,b,C ( E t Q t G t ii t J t L,K f H, F,. P,. T, Y f V; 

-G180-7 11817 7S2t5?A ( R, D, N,C, E, Q,G, H, 2,L,K,H, F, P, T, Y, V; 

- 11817 /G182*/S267A,R, D, K, C, E, Q, C t H t I , L, K, M, F, P, T, K, Y f V; 
k f R, , C, £, Q, G H,i,h i's f l- , > ,S, f W, Y, 

/L204A, R, D, N, C, E, Q, G, H, I , K f M, F ( P, S,T,W r Y/V; 
30 ~V>"7 ,r7R,F 0 t\,f', r , ,i, \ 

/ E 2 j 0 A ,?,r,M .. C - Q ,. C , B , I , L , K , fj , F , ? , 3 , T , W , Y , V ; 

•741 9 P f D f C f E f Q t Q, B, I,L, K,H, F f P f S f T, W, Y, V 

/S214A,R,D,N,C,Q,G,H, I, L,K,M, F, P, S, T,W,Y,V; 

~N193A,E f D f C;E # Q ? G,H, X,L,K f M, F ; P,S,T,W,Y,V 
35 / 52 6 7A, R, D f N,C,E, Q, G, H , I , L, K, M f F f P, T f Y, V; 

-L204A, R, D,. R ., C, S., Q f G f H f £ f K, M, F, P, S f T f », Y, V 

/ 22 107, R, D7R 72, Q f G ,H , I , L, K f MRR, P, S , T, Y , V; 
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V; 












V/ -. 










* 


W, 


Y 


V* 


















F f 




t 




¥ 


























8, 


Y 






-E210& 


R> O f hi 


C 


Q 




1, L, K, H, 


F, 


F, 






¥i, 








/S267A 


R, D f K 




E: 




K, 1,, L, K 


M 
















-E214A 


R* D,N 




0 


G,K. 


I,L,K,M. 


F, 




S 


T 


.w, 


Y 




to 


/S2S7A 


R,< D,N 


C 


■£ 




H, 1, L ,K, 


M 


F, 




T. 




y 


V; 



Usioq SEQ ID MO. 4 as the nack\Dcn& ~ ' 11 w o douDle 
n.tr \o jl ^ • s ^ ^ <^ , v * > 

according to the invention : 
-Q178VG179 VM190A, R,D,C, £, G, H, I, L, J 
~Q178-/G179VI201A,F, D, S, C, E, 0, <5, H, L, » 
-Q178VG173*/D207A,R,H,-C,£,Q,G,H, I , L , J 
-Q178*/G179*/E21IA, R, I>, H, C, Q, G, H , I , L, b 
-R17 9*/G.1S0* /Q26<; A, R, 2?,. N t C, ?.<, G, b » X , 

, Y. f M f F f P, 



3 !()/ 2 

-N190/E2 
-Ml 90/Q2 
-I201/D2 



,.R, C 

,< R, C 



K,M, F 



P,$,T,W,Y,V; 
K, M j B'/P, S,T,V3, Y, V; 

t Y, V; 

f T t f t Y , 
, T f Vf, Y, 



desired effect 



-GI77*/E17S*7K190A 
-El78*/G179*/N190ft 
35 -R176*/G177*/V20IA 
~G176*/2178*/V20IA 
~S5178*/C179*/V2G1A. 



E, D, N> C, £, Q, G, H 
R, Sj, C f E/Qj GfM 



K,M, F f 
r2 22 7t 



wo nn 9467 



i? 

~ R I 6 sl / G 1 7 7 - / 7-2 C 7 A , R N , C. , F. , 0 f G , H , I f L f K, M , P,- P, S, T, « t Y,V; 

~G177V£178-/Q20?A,R,N,C, E,Q,G, H , I , L K , M f F P, S,?,W ( Y ; V; 

-£17e"VGl">9*/D207A, R, C, F. , 0 ? G f H ,1,1, K t H f F , P, S, T, W, Y, V; 

~R1 ? € - / £.17*? * / E2 x I A , R , b, N , C , Q , G ,, H , I , L , K , M , F f P , S , T , W , Y , V ; 
5 -SI o ' A, R, "">, M, G, Q, G, H, l,L,K,M,F, P, 3, T, W, Y, V; 

-S3 7R- 5 /617'>*/E211A, R, D,M,C,Q,G, H, I, L,K, M, F, P, S, T, W, 5f,V; 

-R176 VG17 7-V0264A, P., D, N, C, E, G, H, 1 , L , K f M t F f P, S, T,v?, Y ; V; 

■- Gl 7 7V El 7 S ; ,'02 6 4 A , R , Q, K , C , E , G, K, I , L , K , M , F, P, S , T , W , Y , V ; 

-E178 VG179*/Q264A f R, D,^C, E,G, H, I, L,K,M, F, P, S, T,W, Y ( V; 
SO -N190A, R, D, E,C-, G, H, I , L, K, M, F, P, S, T, K, Y, V 
- 2i f & f L,K f M.,F, \ , F>.^ : f; 
: i , , E,S ,t,. L,'/',c-7 

/ D2 0 ? A , R , N , C ,E,Q,G,H, X , L, K, M, F, P, S, T, 8, Y , V; 

-H190A, R, D, C>'E>0> G> H,. I, L, V. , 14 , t\, p, S, !, &> % V 
IS /E21 1A, R, D, N* £, Q, G, H, I, I v K, H, F, P, S, T r W- # Y, V; 

-Ki90A,ft, D,C, E,-0,-G,H, 1, L, M, F f P, S f Y t V 

/Q264A, R, D f C, E, G, H, I, L, K, F f P, S,f , W f Y, V? 

-V20IA, R, D, X, C, E, □:, G> H, I, L, ¥., U, F, P, S, T, KR Y 

/D207A, R, N , C, E, Q, G,H,l f L, K,>J, f , P, S, T,W, Y, V; 
20: -V201A, R, D , H , C: , R , Q , G , H , 1 , L, K , H , F, ? , 3 , T ( > W, Y 

/E211A, R, 0 r ®,C t Q f G, H, 1, L, K, H, P, T, V; 

-V201A, R r 0 f ®, E, Q f G, H, I, L, H f H, F, P, $ f t,W f Y 

/Q264A f R>D, M,CRE,G, H, T r L f K f M, F, P f S,Y f W, Y,V; 

-D20?A f R f N f C, E,Q,G,H, 1,L, K, M, F, P f S, IR Y, V 
25 /E211A, R, D f N, C / %> t G, H, 1 ? L, K> M f F/P, S # ;T f V, X, V? 

- D2 0 7 A f R f N f C , £ , Q, G , K , I , L » K,M, F, R f S, T, W, Y, V 

/ Q 2 G 4 A , R , D K , C , E , G , H , I , L t K, M, F f P f S , 7: , W , Y , V ; 

~E2UA / R, D,N,C,Q,G f H, I , L, K, M f F f P f S f T t W,Y,V 

% , , - - - f H, , i r K-i-i j i , t\ i :,i,.Y; ( . 
30 Using SEQ ID NO: 6 as the backbone the following double 

mutantions resulting It: the desired effect axe coate-rsplated 
according to the invention: 

-R181 VGl8.WN3 9.0A,R,D r C„E,Q,G, K, I, L f K, M f F, P f S, T,W, Y, V; 
~G182*/H183*/NX95A,R,D,C,E,0,G,H, I,L, K,f4, F, ?, S, T, W, Y, V ? 
35 -H133*/G:e4VNS95A,B, D, C, E, Q f G, H, 1 , L r K,M, F, P,S,T,W, i, V? 
-R18l*/G182*/T2 RK Z S,Q,G, , [ , F. M, F . P . P . T . Sf, Si , V t 



CT/DK9 



IS 

»H1 8 3* /Gl84*/I206ft, , , ,\ F f C, £,- Q, 0, H, L, P, F F, 2, S , T,W, Y, v ? 

- R 1 8 1 * / G 1 8 2 * / E 2 1 2 A , P D P ,. C Q G P , I , L, K, P., P , £ , T , P , Y , v ; 

-G182*/H183*/E212A, R, D, N, C, CP G, P , I /.:.<, K, M, F, P, S, T, V W, Y., V; 

-H183* /Gl 84 * /E2.12.A, R, D t K ,. 0, Q, G, R, I , L t K t H f F, P, S,T,W,Y,V? 
5 -R181-*/GI82*/E£.16A,R, D,N,C,Q,G,H, I,L,K,M, F, P, S,T,Vi,Y,V; 

-G182* /HI S 3* /E21 6A, R, D, Pp C, Q, G> H> I , L, K, K, F, P , S >■ T , li , Y , V ; 

-HI 8 3 */G184*/£21 6A, R, D, S , C , Q, G, H, 1 , 2, K, H, F, P, S, T, W, Y f V ; 

~R 1 6 1 * /Gl 32 * /K269A, R f D , S, C , E , Q , G H , ! , L , U , F, P , S , T , W, Y , V ; 

•■■G132*/KI3:i*/K269A / R, D,N,C,E,Q,G, H, I,L,M,F,P,S, T,W;Y/V; 
10 - H 1 8 3 ^ ./ G 1 8 4 *' / K 2 6 9 A , R , D C , £ , Q , G H , 1 L M ,?, ? S T , W , Y , V ; 

~m9m t n t D,C,£ ; Q ( G,H,;i,L,K,M,F,P,S,T,^Y,V 
h * P V ,F i Q:,G B t ) i t4,W t i? f $, I, a, {, 2; 

•• F I 95A, P , P f 0, E, C, G f H , I , P, K, .M, F, P, 2, T, vvi, Y, V 
, , FP ,22 2l f L r K r H, F,PV:S, ?,W, 
15 ~N195A,E',D,C,E,0,G,K, I ; P ; K y M,r,P,S,T/v^,Y,V 

/E216A,R,D ( N,C,Q,6, H, I,L,K,M, F, P, S, T, W, Y, V; 

~N195A,R f D, C,E,Q,G,H,X,L,K,M, F, P,S,T, W, Y, V 

/K269A, R, D, N f C f E, Q, G, H, I,L,M, F, P, 3,T, W,Y, V; 

■-I206.A, R, D, C f ZtQrG, H/L,- K, F, ?, 3, T, V 
20 /E212A, R, D, H, C, Q> G, B* I, L, K, H, F, F, S, T, Y, V; 

-I206A,.F,.D J N,C, 2 , Q / G , H , L , K , M „ F , ? , 8 ? , W , Y , V 

-P; ■ R f >\\ C, 2, w H,, .,',,f',M, F, P f S, 7, PP Y , v 

•"I206S,* R f D f N, CP S, CP G, H ? L, K, M, F, P, S, T/vv , Y, V 

/K269A, R f D.N, C,E,0,G, H, PL,H f F, P, 3PP, Y , V; 
25 ~ E2 1 2 A f R f D f P , C , Q , G , H , I , L , K , M , F , P , S , T , V? t Y , V 
t v , Pp -C, CP G f H , I , ,K,M,F, P,S,T,W*Y,1 , 

-£2 1 2 A , R , D ; N f C , Q , G , H , T. t L , K , P f F, 2 , 2 , T , $ f Y , V 

/ K 2 6 9 A , R, D, PF C , £ , Q f 0 , H ., I ., L , M , F , P , 3 , T W Y , V ; 

-E2I6A.R, D,«,C, CP G,H, I,L,K, M, F, F, 3, T, if?, Y, V 
30 /K269A, R, L\ KP, C, E , C s ? 3 , H f I , L , M f F , F, 3 T W , Y V ,- 

AI 1 o be 

used as bacPbone iPor pr^parir.p varFa.nt3 c.t : the ^ - * ^ 

t A »e" <• - 1 \ s - N : ~ n the 

following mutations: NX90F/Q264S in SEQ ID NO: & or in 
35 :^:i!\'o\er; p -i.. i-; i : oc i:. Ji.e.r \o a- 

aiwlases, 

I\ 3r : oc.he?; es^odin-enc the variant of the i riven t. ion comprises 
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(TVEldcf or in corresponding positions in another u m - 
Texma.T:yi-iike a-amyiases . Said variant may further comprise a 

5 In a preferred embodiment of the invention the parent 

Termajfiyi-like a -amylase is a hybrid a~amylase of SEQ ID HO : 4 
v. io K N ■a ^ 

« -srn sse say be s hyb! - riaie he 445 C~ 

terminal amino .acid residues of the 1 1 icheniformi s u--amyla.se 

IQ shown ; >; D NO 1 and th« N tersmrr.u: mdno ac - ; ;a mines 
of the a- amylase derived from rh amyloid qxxef aliens shown in 8EQ 
ID PO; 5, which may suitably lurcher have the f olioeing 
i > - . f ^ h-f d„S>. ~*ed">""V v > ->U x&~"'< ti<- >td ^ in 

SEQ ID NO: 4} . The latter mentioned hybrid is used in the 

!5 b 1 t< as LF 7 i 

Gene r a I pu t. a t. ion t pi lL.rl£laubbr_9l.„r ' rie - l - nv en 1 ; >- °b 

It may be preferred that a variant of the invention comprises 
one or more modifications in addition to those outlined above, 

20 Thus, it may be advantageous that one or more proline residues 
preset; i. in the part of the e- a my. Lass variant which is modified 
is/are replaced with a non-prolins residue which may be any of 
the possible ,- natural iy occurring non -pro line residues,, and 
which preferably is an alanine,, glycine, serine, threonine, 

25 valine or leucine. 

t i s b« preferred that >n or more cysteine 
residues present among the amine acid residues with edict the 
parent ce-eufiyiace r.s modified is/sre replaced with a of*, 
residue such as serine, alanine, threonine, glycine, valine or 

30 leucine. 

Furthermore, a variant', of the invention may either as the 
only modification or in combination with any of the above 
it 1 i mod r: s - ;: ^ * e v that tee or rare Asp 

and/or Glu present in an amino acid fragment cor responding to 
35 the amino acid fragment 185-209 of SEQ ID NO: 4 is replaced by 
an Asn and/or Gin, respectively. Also of interest, is the 
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orasT.vb -.Like os-ar 



It - ' O J K I ~ 

3,riant; Lnce porar.is t ' - - - he nice- > i ined 



advantageous: to introduce point- 
aats described * e 



10 Ibsthocis ior^ p 

Several methods for introducing mutations into genes are 
known in the art. After a brief discussion of the cloning of a- 
3 - i s crating i 

at specific sites within the a-airiyl a se -encoding sequence will be 

15 discussed. 



ioi£hic:m bfipoijiip 

The DMA sequence encoding a parent a- amylase may be isolated 
from any ceil, or ndcroorganism producing the a™asqolase in 
question, using various -methods well known in the art. First, a 
senomic < v! ! I s Dtarj should be constructed i$j s 

the a-amylase is known, homologous, iaosiled oligonucleotide 
p. too < z d used to ideatd a-vnrylar. 

encoding clones from a genomic library prepared from the 

O t l ! C !U ^ 11 

~u o- <c)t^ - - - v-o -v - v » gene 

aid be us £ 3 c c l - s 

using hybridization and washing conditions of lower stringency, 

H, sm> I hoi c >s A. ^ 10 u a? ^ e e uV " ones 

would involve ; fragments c i genomic DHh into ar: ex- 
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v. ie ,rx at t trans £ s eria c ?.c containing a 

substrate for €i~amyiase, thereby ai iceirc; It engrossing the 
a~amylase to be identified. 

Alternatively, the E?hA sequence encoding the enzyme may be 
5 prepared synthetically by established standard methods, e.g. the 

synthesized, e.g. in an ante-runt ic DhA synthesiser, purified,. 

v and 

genomic or c'DNA origin (an appropriate, the fragments 
corresponding to various parts of the entire DNA sequence;, in 
accordance with standard techniques. The UNA sequence rrecy aisc 
oe prepared by polymerase chain reaction (PGR) using specific 
printers, for instance as described in US 4, 683,202 or R.K. Saiki 
et al. (1988) . 

2$ 



nee a ,1 < N juence has been Isolated, 

and desirable sices far mutation identified, mutations may be 

25 intrc rsir ?onu Th&s ol t loot 

ides contain nucleotide sequences flanking the desired mutation 
sites; mutant nucleotides are inserted during oligonucleotide 
synthesis. In a specific method, a single-stranded gap of DNA, 
bridging the . e sequence, is created in a vector 

30 carrying the a-amyiase gene. Then the synthetic nucleotide, 
bearing the desired mutation, is annealed to a homologous 

Sii'ied w \ y \ - 5n j the 

consumer is iigatei using Ti 1 lease . A specific en-ample of this 
35 method is described in Horinaga et al. U984) . US 4,760,025 
see the t ctio >£ go mleocides encoding m, - e 
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mutations by performing minor alteration 
ever, an even greater variety of mutati 
any one time by the Morinaga method, 
oligonucleotides, of various lengths, ca.; 
Another method for introducing ran: 



1 F r>e PCH reaction 

10 From the PGR- -generated fragment, a DMA fragment carrying the 
mutation may be isolated by cleavage with restriction 
endonucleases and reinserted into an expression plasvdd. 

Ha ndom Hu y age; peg i s 

IS- 

Random mutagenesis is suitably performed either as localised 
or region-specific random mutagenesis in at least three parts of 
the gene translating to the amino acid sequence shown in 
question, or within the whole gene. 
20 The random mutagenesis of a Dial sequence encoding a parent oo 

amylase may be conveniently performed by use of any method known 
in the art. 

in relation to the above, a further aspect of the present 
invention relates to a method for generating a variant of a 
25 parent a---amylase f e.g. wherein the variant exhibits altered or 
increased thermal stability relative te the parent, the method 
comprising: 

(a) subjecting a BH& sequence encoding the parent et~a.myla.se 
to random mutagenesis; 
30 d > - '0*-..\^ - t (a? 



property (i.e. thermal stab ill 
a --amylase . 
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me noon or 



a suitable oligonucleotide, or by subjecting tho DNA sequence to 
PCR generated mutagenesi , Furthei ; , th ran om mrcagenes s 
may I o Nx in n 0 1 •>! a^ 

agents. The mutagenizing sgeru: may,. e, g . , be one which induces 
transit ions , transvers ions .. inversions a crambiingy deist ions , 
and/or insertions. 

Examples of a physical or chemical mutagen! zing agent suitable 
for the present purpose include ultraviolet (UV) ir~rsdiatiorp 
hydroxy] amine, rO-oeehyi-h' ? -ni e ro-R-n i t x osoguanidirie ■ MNNG } .. 0- 
rt 1 d - amirs it acid, ethyl methane suiphonate 

(EMS), sodium bisulphite, formic acid, and nucleotide analogues. 
When such agents are used, the mutagenesis is typically 
perform t e , l >q t < r x , i < >i ng tl r rent 

enzyme to be mutagenized in the presence of the mutagenisinq 
agent of choice under suitable conditions for the mutagenesis to 
take place, and selecting for mutated DMA having the desired 



doping or spiting may be done so that s scons for unwanted amino 
acids are avoided. The doped or spiked oligonucleotide can be 
incorporated into the CPs encoding the a-aoyiase enzyme by any 
published eechaique, asinq e.g. uCR, LCR or any DMA polymerase 
30 and iigase as deemed appropriate. 
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doping", in which the percentage of wild- type and mutation in 
each position is predefined. Furthermore, the doping may be 
directed toward a preference for the introduction of certain 
5 nucleotides,, and thereby a preference for shoe introduction of 
one 03 mor specif amino acid residues. ?hs o noire raay be 
made, e.g., so as to alio* for the introduction of 90% valid type 
and 1.0% mutations in each position. An additional consideration 
in the choice of a doping scheme is based on genetic as well as 

10 pro! in-st re ra.l to str; xxts ] - or ems raay h nan 

by using the DOPE program which, inter a: ha, ensures that 
introduction of stop codons is avoided. 

When PGR- generated mutagenesis is used, either a chemically 
treated or ncn»t>:eated gene encoding a parent a~amyiase is 

J 5 «i eeted \ pa ; so, end i t. ions that ncreas< ,e mis- 
incorporation of nucleotides (Deshier 1992; Leung et ai.. 
Technique, Vol . 1 , 1989, pp. 1.1-15} . 

A mutator strain of E. calx (Fowler et al > , Molec. Gen. 
Genet., ; 133, 1974, pp. 179-191), $. cereviseae or any other 

20 microbial organism may be used for the random mutagenesis of the 
DISA encoding the a-amylase by, e.g., transforming a piasmid 
containing the parent giycosyia.se into the mutator strain, 
t wi * i s and the 

mutated plasm id from the mutator strain. The mutated piasmid 

2S may be subsequently transformed into the expression organism. 

ri DMA sequeno - be i - - , s < nveni snt ^ 

present in a genomic or cDNA library prepared from an organism 
expressing the parent a- amylase. Alternatively, the DMA sequence 
may be present on a suitable vector such as a piasmid or a 

30 bacteriophage, which as such may be incubated with or other-wise 
exposed to the mutagenising agero. . The DbA to no mutagenised ma- 
also be present in a host ceil either by being integrated in the 
genome of said ceil, or by being present on a vector harboured in 
the cell. Finally, the DMA to be ran: agonized may be in isolated 

35 form. It will be understood that the DM 9 sequence to be 
subjected to random amtacenes is is preferably a cDNn or a 
genomic, thin sequence. 
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In some cases it may be convenient to the mutated DMA 

- <■ 5 " - " - the 

screening step a: , Such amplification may be performed in 
accordance with methods known in the art, the presently 
5 preferred method being PCR-generated amplification using 
oligonucleotide primers prepared on the basis of the DhA ox 
aad.no acid sequence of the parent enzyme. 

Subsequent to the incubation with or exposure to the 
mutagen.! sing agent, the mutated DNA is expressed by colouring a 

10 suitable host ceil carrying the OHA sequence under conditions 
allowing expression to take place. The host cell used for this 
purpose may be one which has been transformed with the mutated 
DNA sequence, optionally present on a vector, pr one which was 
carried the DMA sequence encoding the parent en same during the 

15 mutagenesis treatment. Examples of suitable host ceils are the 
following: gram positive bacteria such as Bacillus subtilis. 
Bacillus lichsniformis, Bacillus lentus, Bacillus brevis, 
Bacillus st&arothemophil u$ t Bad 1 lus alkalophilus. Bad Plus 
amyloliquefadens, Bacillus coagvlar-s, Bacillas circular*® , 

20 Bacillus is a ess. Bacillus no a. a. .no an, Bacillus thuringiansis, 
Straptcmyces iividans or Streptonv/ces marinas; and gram-negative 
bacteria such as 5", coir. 

The mutated DNA sequence may further comprise a DMA sequence 
encoding functions permitting expression of the mutated DdA 

25 sequence . 
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u s - Mo l"" ' is 

° - 5 * " * I ,inu 10 

kn he &i te \ ; enccx the 

5 part of the DMA sequence to be modified may be isolated,- e.g., 
by insertion into a suitable vector, and said part may be 
subsequently subjected to mutagenesis by use of any of the 
mutagenesis methods discussed above. 

-° Mbr.i/lAibAA..iAr/AAA^ gr- amylase variants 

Alts mat ire methods for providing variants of the invention 
include gens shuffling method known in the art including the 
meth< is e to cri >ec 1 WO 95/226 (iron Affyma> Fee loiogi* 
N.V. } and WO 96/00343 (from Novo Nordisk A/Si. 

IS 

' 'fliiriiti 

According to the invention, a DMA sequence encoding the 
variant produced by methods described above, or by any alterna- 
tive methods known in the art, can be expressed, in enzyme form, 

20 using an expression vector which typically includes control 
sequences encoding a promoter, operator, ribosome binding site, 
rra-s^t ^ ^ mu, rod, rpr^nolly, , tepx 

or various activator genes. 

i " 5Td pressi ctor carrying tha MA sequence 

25 encoding an n-amyiase variant of the invention may be any vector 
^ 1 * > convefntentnly be sub;;ecr.ed to recombinant DNA 

procedures, and the choice of vector will often depend on the 
host cell into which it is to be introduced. Thus, the vector 
may be an autonomously replicating vector, i,e, a vector which 

3D exists as an extrachromosomai entity, the replication of which 
is depe nt 1 hi * i e.g. a piasmid, a 

bacteriophage or an extrachxososooai element, minichrcmosome or 
an artificial chromosome. Alternatively, the vector may be one 
which, when introduced into a host cell,, is integrated into the 

35 host ceil genome and replicated together with the chromosome/ . ) 
into which it has been inteata i-.ee . 

In the vector, the it A sequence should be operable connected 
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sequence wnich shows r. r9nscri.pt.ion.il ect.tvitv in the host cell 
of choice and may oe derived ore- genes encoding proteins either 
homologous or heterologous to the host ceil. Examples of 
suitable promoters for directing the transcription of the ONA 

a - - 'on r t* - s ^ _ „ 

maitogenic amylase gene ; amyM) , the promoters of the it; cities 
<! \ x.h Ba- 

1 ^ s " >w n and xy IS genes F -3-1 i i a 

> 5 - rre thos it e from 

the gene encoding A. oryeae TAKh amylase, Rhizornxxcor miehei 
aspartic proteinase, A. uiger neutral a-awias?, A. nigei acid 
stable a- amylase, A. ziiger g loco amylase, Rhisomucor miehei 
lipase, A, oryzae alkaline protease, A. oryzae triose phosphate 
i some rase on A. nidvlans acetamidass . 

The expression vector of the invention may also comprise a 
suitable transcription terminator and, in eakaryotes, \ ~ 

adenyiation sequences ope r ably connected to the DNA sequence 
encoding the a- amylase variant of the in varum 00. Termination and 
poiyadenylaticn sequences may suitably be derived from the same 
sources as the promoter. 

The vector may further comprise a DHA sequence enabling the 
ceil in que; v. of 

such sequences are the origins of replication of pi sarins pUC19, 
pACYCH?, pUBlIO, P E194, pfiMBl and pIJ702u 

The vector may also comprise a selectable marker, e.g. a gene 
the product of which complements a defect m the host ceii, such 

which confers antibiotic resistance such as annua;;..: Top 
su h £ amdS,, srgB, -11 ng 1 to 
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hygrornycin resis canoe, cr eta.- sei »cr. i on ;;;,3y be accomplished by 

While intraceliniar express,. or: _ edvara-.agec.es in some 

5 ge i 3 j n 

jensral, the Bac.il i ~ es se a 

J o s * j , f ra re > > 

by a different preregion or signal sequence, conveniently accom- 
10 piishsd by substitution or the aha sequences encoding the 
r e s pe c c i v a p i a r >.-. p i o n a . 

The procedures used to Hoars the DNn, construct of the in van- 
tier, ear ae Ice an .> --amylase variant, the f smoter, terrce >a? ;> ana 
N a.r .a-aro- -, -^'pt , and to ins ri i he - int< suitable 

35 vectors containing the information necessary for replication, 
axe veil known to persons skilled in the are (of., for instance, 
Sambrook et a!.,,. Molecular Cloning: A Laboratory Manual,, 2nd 
Ed . , Cold Spring Harbor, 1989). 

The cell of the invention, either comprising a IMA construct 
20 or an expression vector of the invention as defined above, is 
advantageously used as a hose ceil in the recombinant production 
of an a -amylase variant of the invent lorn The ceil may be 
i ,j with the DSA construct of the invent ion encodino the 

variant, conveniently by integrating the DKA construct (in one 
25 or more copies? in the host chromosome. This integration is 
aeraily consider* to .be an ach/sn ?e as.: ths x \ egaenca is 
more likely to be stably maintained in. the cell. Integration of 
the Dm constructs into the host chromosome may be performed 
according to conventional methods, e,g, by homologous or 
30 heterologous recombination . Alternatively, the call may be 
- v " N J « ~ ' v -""a a i -a. a ^v- in 

connection with the different types of host cells. 

The ceil of the intention may foe a ceil of a higher organism 
^ - --i- 1, ^ r ^ h M 

35 cell, e.g. a bacterial or a fungal {including yeast; cell. 

Examples of suitable bacteria are grampositive bacteria such 
<3S Sac > svi.ub- 1 -.c Be- - i > aa< -ilea z tus, 
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phi I us, Baa ill so any, I 1 

oi < ■ ans , K ci ; ' us >uj 
r < > 5. ^ » - 

5 or gramnegatxve bacteria such as E,coli. The transformation of 
»£ 1 ? ' c i t>- ; > r r ~ , c > n ~ 

eom&Uo; ci by using omget >nt ceJ s in a manner known pe se. 

The yeast organise may favourably be selected from a species 
ox icc-\v % \ f \ c v or ^ :r^„,>" ,\«y\., e.g. Sscc/curceycca 
;0 -*r<p\ eiec T):e til r .eetou< fungus m , u:i inLaqeocsm elo - to 
a species of Aspergillus, e.g. Aspergillus oryrae o>: Asp& £ giUus 
niger. fungal cells may be transformed by a process involving 
protoplast formation and transformation of the protoplasts io.l~ 
lowed by regeneration of the ceil wall in a manner Knees per se. 
15 ft suitable procedure for transformation of asperg.;. ] i us host 
©ells is described in HIP 238 023, 

In yet a further aspect, the present invention, relates to a 
method of producing an a-amyiase variant of the invention , which 
method comprises cultivating a host ceil as described above 
20 under conditions conducive to the production of the variant and 
recovering the variant from the cells and/or culture medium. 

The medium used to cultivate the ceils may be any convention- 
al medium suitable for growing the host cell in question and 
obtaining expression oi the a-amyiase variant of the invention, 
25 Suitable media are available from commercia i suppliers or may be 
prepared according to published recipes {e.g. as described in 
1 Ar; can Type Culture C . >o> 
The «~amylase variant secreted from the host cells may con- 
veniently be recovered from the culture medium by well-known 
30 procedures, including separating the cells from the medium by 
**vr.t 7 i-i -> x i c- * •"of- vi c cm- - - -c n ^ 

components of the medium by means of s salt such as ammonium 
sulphate, followed by the jsc of chromatographic procedures such 
as ion exchange chromatography, urfinity chromatography, or the 
35 like. 
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sacehar i£ dcation processes, ars described in, o..,,, US , '..590 
10 and. in EP patent publications has, 252 730 and 63 909, 



A ''traditional" process for conversion of starch to fructose 
syrups normally consists of three consecutive enzymatic 

15 processes, viz. a liquefaction process followed by a sacchari- 
£i cat ion process and an isomer i sat. ion process. During the 
liquefaction process, starch is degraded to dextrins by ad «- 
amylase (e.g. Tsrmamyi w ) at pH values between 5.5 and 63 2 and. at 
temperatures of 35-I60*C for a period of approx. 2 hours:,. In 

m order to ensure an optimal enzyme stability under these condi- 
tions, 1 mH of calcium is added (40 ppm free calcium ions). 

after the liquefaction process the dextrine ars converted 
into dextrose by addition of a giucoamyiase (e.g. AJf G w ) and a 
debranching enzyme, such as an isoamylase or a pulialanase (e.g. 

25 Promozyme^} . Before this step the pH is reduced to a value below 
4.5, maintaining the high temperature (above 95 C C), and the 
liquefying a-amyiase activity is denatured. The temperature is 
lowered to 60 \3, and giacoamylase and debranching enzyme are ad- 
ded. The saccharification process proceeds for 24-72 hours. 

30 After the saccharification process the pH is increased to a 

value in the range of 6-8, preferably pH 7,5, and the calcium is 
removed by ion exchange. The dextrose syrup is then converted 
into high fructose syrup using, e.pp, en immmobiiised g.Ioco- 
seisomerase (such as , 

35 1 1 1 o -a 1 ^ r - " o ^ -> be 

envisaged Ft; tuc icr ; tea , „ a* .vp^ n of the 
liquefying a-amyia.se. Addition of free calcium is reguired to 
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ensure adequately - stability of - - < < _u«^ , but free 
calcium strongly inhibits the activity or the glucoseisomerase 
and needs to be removed, by mean* of an expensive unit 
operation, to an extent which reduces the level of free calcium 
to below 3-5 pom . Cost savings could be obtained if such an 
operation could be avoided and the liquefaction process could be 
performed without addition of free caioium ions. 

To -b- so ,h , , „ - - ^zi-K i 

a-amyiase which is stable and highly active at low 
concentrations of free calcium i< 40 ppsp is 
Tetmamyl-like a-amylase should have a pH optimum at 
range of 4.5-6,5, preferably in the range of <h 5-5.5. 



hs mentioned above, variants of the invention may suitably be 
incorporated in detergent compositions . Increased 

thermostability at low calcium concentrations would be very 
beneficial, for amylase performance in detergents, i.e. the 
alkaline region. Reference is made, for example, to WO 96/23874 
and WO 97/07302 for further details concerning relevant 
ingredients of detergent, compositions (such as laundry or 
shwa i < v < - » t L $ o f - - i ig the 

variant.- In such ;etergeru compositions, - s r fee examp.u of 
relt vant ype: o.i o- t ■ aent compos .i tier $ . 

et< con, composil ons comprising i , riant of th ivsnt > 
may additionally comprise one or juor 



and/or another . 

a-amyiase variants of the invention may be incorporated in 
detergents at conventionally employed concentrations. It is at 
present contemplated that a variant of the invention may be 
incorporated in an amount corresponding to 0,00001-1 mg 
(calculated as pure, active enzyme protein; of a- amylase per 
liter of wash/dishwash liquor using conventional dosing levels 
of. dei-.erqent. 

the invention a li a a 



per m 



\as the parent ?ermamyl~like a~amylase) the B. 

- "* " - ° C 2D 

SO; 3 and a ?ermamyi-i ike alpha-amyiase derived from the B. 
5 a-aayiase h < » K N NO; 

4. 

Further, the invention also relates to a composition 
c mpris o £ fixture ol ;ne _i ;ore variants a; : ral; ; the 
invention derived from ;as the parent Terrriumy i ■■ His a-amyiaseS 
i.0 the t. " c. v n-aradase h3?o ; g the sequence shown in 

SEC T MO: I and a hybrid aipna-an <v r i i j the 

of the B, lichen if ormis amylase shown in SEQ ID MO; 4, The 
latter mentioned hydrid ?err:emiyi~iike ct-amylas« comprises the 

B 445 C~ terminal amino acid residues of the B. licbeniformiB .a- 
amylase shown in SEQ ID SO; 4 and the 37 N~ terminal amino acid 
residues of the « -amylase derived from B. *myla2ique£siai®xxs 
shown in SEQ ID NO ; 5, Said latter mentioned hybrid a-amylass 
may suitably comprise the following mutations: 

20 HIS 6 YeAX8 m 9 0F4- A2 0 9V+Q2 S4S {using the numbering in SEQ ID HO; 
4}:.. In the examples below said j ! Lk «~ 

amylase, is used in combination with variants of the invention, 
which variants may be used in compositions of the invention. 

In a specific embodiment of the invention the composition 

25 comprises a mixture of TVB14 6 and L2174, e.g., in a ratio of 2:1 
to 1:2, such as 1:1, 

o an vL ; > *■ i the 
invention may in an aspect of the invention be used for washinq 
and/or dishwashing; for textile desiring or for starch 

30 liquefaction. 
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Enzymes : 

ESG -„r _ o B, . ' >■ ^ ' - >m ! . alpha- amylase depicted 

5 in SEQ ID NO: 3. 

8.146 alpha- B, ste alpha 

amylase variant depicted in SEQ ID MO; 3 with the following 
mutations: with the deletion in posi tions I181-G182 4 m 53?. 
LS174 hybrid aipha-amylase variant; 
10 ? h I femais > Lpha-amylase bein< 

to the Termamyi sequence; i.e., one * -> or- 

amylase shown in SEQ ID NO • 4, except that the N-teramnai 35 

reaii 5 > sr mature pro i has be< replaced 
by the N-texrainai 33 residues of BAH {mature protein) , i.e., 

NO j 5, which further havefoiiowing mutations: 

H156Y+A! 82 T+Nl 90F+A209V+Q264S (using the numbering in SEQ ID HO; 
4), LE174 was constructed by SOS-PCR (Kiguchi et a.U 1388, 
Nucleic Acids Research 16:73$!} > 

20. 

Fermentation and purification of a~amylase variants 

A 3, suhtilis strain harbouring the relevant expression 
piass.id is streaked on a LB -agar plate with 10 pg/su kanamycin 
from ~ 8 ; ; c stock, and grown overnight at 3 7 " D , 
25 The colonies are transferred to 100 ml BPX media 
with 10 pg/ml fanamycin in a 500 sc. shaking flask, 
sg 3.- » , of Bid* r ^ s res : 



Potato starch 
Barley flour 
BAN 5000 0 KB 



Ha H0O : , 12 H,0 
Piuronio™ 



100 g/1 

50 g/1 

0,1 g/1 

10 g/1 

20 g/1 

9 g/1 

0,1 g/1 



The c cure Ohaki a ' „: rem to: days, 
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carrion out by step elation with 0 . 2M NaCi in the saas buffer. 
The eiuato is diaiysed against: KdsM Tris,- pH 9,0 and applied on a 
30 Q---sepharose F.F. and :i:i ucc-d owe;- ; Pinea> p-sdiant fro:; ' ~ . 3d 
NaCl over 6 column volumes. The fractions which con La. in the 
activity (mcacinred by the Phadebae assay) are pooled, pH was 
adjusted { p; b £ .a; 'regaining i red , tteatrorni 

with CbSI W/voI . active coal in 5 minutes , 

IS 

Activity determination - (KHU) 



One Kilo alpah-amylase Unit (1 KNU) is the amount of enzym which 
breaks down 5.26 g starch (Merck, hrodurs Soiobile, Erg, B 6, 
2.0 Batch 9947275} per hour in Novo Nordisk' s standard method for 
erminati di ^ < pen the > 

condition; 



O;i-;o Oo soluble starch 

Calcium content in solvent 0,0043 M 

Reaction time 7-20 minutes 

Temperature 3? G C 
pH 5.6 



30 I.HOW ie option f No\ ! 9} 
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BS-amgfXa»« Activity Debarainfttlcto - . 10SO"(S) 

1 . Application Field 

This method is used to determine a~amyiase activity in 
5 fermentation and recovery surepies and formulated and granulated 

2 . Principle 

BS--amylasa breaks oows the substrate { 4 , o-ethyi iciana (Gb ~p- 
' < N v r i 1 1 e a s e t n y 1 i d e n e - 6 

10 PHP) into, among other things, Ch-PH? and Ch~Pa : P, where G denoted 

h and G3-PJ5P are broken dov-t by a~g.lucosi.dase, which is 
added in excess, into glucose and the yellow- col cured p- 

15 The colour reaction is monitored in situ and the change in 

absorbance over time calculated as an expression of the spread 
of the reaction and thus of the activity or the enzyme. See the 
Boeft ringer Mannheim 1442 309 guidelines for further details, 

20 2.1 R.eaetioa conditions 



Pre-incubation time ; 2 minutes 
25 Detection: 

Wave length : 405 rim 



3. Definition of Units 

30 B&cil 1 us b tea to themoph i us a ip.h a •• amylase { BS-amyisse 5 ac c i vit y 
is determined relative to a standard ox declared activity and 
stated in Kilo Move Units (Staatothermophiius ; or KKU(S) } . 

4. Specificity and Sensitivity 

3S Limit of determination: approx . 0.4 KOO ; s; /c 
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Cobss Fara analyser 

Diluted (e.g. Hamilton Mi.cr.oiab 1000; 
Analytical balance < , Mettlsr AK 100} 
5 Stirrer plates 

Reagents/Substrates! 

A ready-made kit is used in this analysis to determine a-asylase 
activity- Note ';n.au the reagents specified for the substrate and 
10 a-glucosidase are riot used as described in the Boshringer 
Mannheim guidelines. However, the designations "buffer", *g.lass 
].'% glass Is" and Class 2" are chose referred to in those 



guidelines. 
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Boehringer Mannheim 14 42 309 



BHXJ 35 (30% W/V Sigma 430 AG- 6} 
Demi n e r a i .i r e d ware r 



up to 2, 000 ml. 



1000 juL 



Brij 35 solution 
CaCl>2H,0 (Merck 2362} 
Denu.neralised water 



882 g 

up to 2, 000 ml 



33 ml: 
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73 Samples and Standards 



35 jSxampIe; Preparation of BS™amyiase iit.ar.card curve 
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Stabiliser cox responding to 1% of the 



A Hamilton Micro lab 1000 is used to prod!.: 
below. Demineraiixeb water with 1% stab: 
di iuent . 



Itumu. ran no. 


h;a:yyo:e sroos 
solution 


- n30.;,..:.sc: 


cdl 1 




20fit 








30*it 


570*11 








560{iL 






50j.iL 


SSOuX 






6Q|& 


MQpL 


mm 



fp i 1 

A Novo Sordisk A/S BS amylase level control is included in all 
runs using the Cobas Fara, The control is diluted with 1% 
stabiliser so that the final dilution is within the range of the 
standard curve. All weights and dilutions are noted on the 
workllst 



'.' . ? Samp le so ; utrons 
20' Single determination 

Fermentation samples {not final samples) from production, ail 

fermentation samples from pilot plants and storage stability 

samples are weighed out and analysed once only. 

Double determination over 1 run: 
25 - - - ^ — ~_vs i „ n\ , - 

araplss fro N ac a F s„ 1 ? weighed oui and 

analysed twice. 

Double oeters.inaf ions ove>: 2 runs; 
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* s p.: od Tipie a a i >u r. an y s e *i ic« 

Test samples are dilutee with deminerali zed water with 1% 

stabiliser to approx. 0.037 KKU ( S s /.ml. on the basis or their 

expected activity. The final dilution is made direct into she 
sample cap, 



8 . Procedure 

S O 8. ai u Ft X 

m i Cobas Menu Program a v s nt/diietlon« 




.th a unique 



idem . ■> - < _n 4 „ y^O'k - * i . ~ - - out. 



15 • The samples and control are weighed out and diluted as stated 
on the worklist with hand-written weight data is inserted into 
the BS-amylase analysis logbook. 
m The results are compute red automatically by the Cofoa.s Para as 
described in item 9 and printed out along with the standard 

251 curve, 

* Werklists and results printouts are inserted into the BS~ 

iVL i us/ x> ^ 

, e - - • y 
25 * > pies ax i a sample raci 

1 The five standards are placed in the calibration rack at 
position 1 to v v. position 5) , and 

30 placed in that reagent rack at position 2 (holder 1} , 

• Xh« a-glucosidasa help reagent is transferred to a 50 ml 
reagent, container and placed in the reagent rack at position 2 
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The main principles of the analysis are as follows: 
2 Out sample and IGuL rinse-water are pipetted into the cuvette 
along with 250uL o:-giucosidase help reagent. The cuvette rotates 
for 10 seconds and the reagents are thrown out into the 
5 hori sent al cuvettes. 2 tut substrate and 20aL rinse-water are 
pipetted off. After a 1 second wait I jt ths 

temperature is 3?*C, the cuvette rotates again and the substrate 
is mixed into the horizontal cuvettes, ieosorbanee is measured 
for the first time after 120 seconds and then every 5 seconds. 
10 Absorbs:) s „ c <. nss f eac - 3 Cs le 

9 . Calculations 

The activity of the samples is calculated relative to Novo 
Nordi.sk A/S standard, 
15 The standard curve is plotted by the analyser, The curve is to 
be gently curved, rising steadily to an absorban.ee of around 

0. 25 for standard no. 5. 

The activity of the samples in KNU (S)/mL is read off the 
standard curve by the analyser. 
20 The final calculations to allow for the weights /dilutions used 
eapio\ th allowing rtauia: 

Results a a tats ith 1 sxqx ;a digits. However.. for 
30 sample activity < 10 KNU(S)/g, only 2 significant digits are 
given. 

The following rules apply on calculation oi mean values: 

1. Data which deviates more than .2 standard deviations from the 
mean value is not included in the calculation. 

35 2. Single and double determination over one run; 

The mean value is calculated on basis of results lying within 
the standard curve's activity area. 



pi OK 00444 



3. Double determinat ions over two run.-- All - a U.. o .r . - * 

in the mean value. Outliers are omitted. 



10. Accuracy and Precision 



valae'atxon or analysis results for a nearer of finished products 
and the era a nt rol . 



linked insoluble blue-coloured starch polymer which has been 
tabletted. 

For every single measurement one tablet is suspended is a 
tube containing 5 mi 50 mM Britton-df obinson buffer (SO rd acetic- 
acid,. 50 m. phosphoric acid, 50 raM boric acid, 0>I oM CaCl^ pH 

the <;x~a Las* v a < * of 

the es • bin* ution, ■$ eas i > at 

620 nm, is a function of the a-amylase activity. 

It is important that the measured 620 era absorbance after 10 
or 15 minutes of incubation (testing time) is in the range of 
0.2 to 2,0 absorbance units at 620 rsru In this absorbance range 
there is linearity between activity and absorbance (Lambert -Beer 
a The t ion of t he ear yma ; ed to 

fit this criterion, under a specified set of conditions (temp,, 
pH f reaction time, buffer conditions) 1 mg of a given a~ amylase 

M * -h ^- ! Cvd 1 

will be produced, The colour intensity is measures at 620 nm. 
The easured rhanee iz - \ aort r t ---- - cifi 



ictivity i t > - rste the «- 

amylase in question under ths give;- set of conditions.. 
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10. The DNA sequence of the mature part of axnyS is shown as SEQ 

ID NO: 11 and the amino acid sequence of the mature protein is 
shown as SSQ ID NO: 3 

BSG variant TVB145, which contains a deletion of 6 
nucleotides corresponding to amino acids X181-G182 in the 

15 -..nam prete a, ■ jons i acted as fclj vss: 

Polymerase Chain Reaction (PGR) is utilized to amplify the 
part of the smyS gone {from piasmid pPLili?}, located between 
DMA primers BSG1 {SEQ ID NO: Is? and 8SGM2 {SEQ ID NO; 18}- 
BSG1 is identical to a part of the smyS gene whereas 8SGM2 

20 contains the 6 bp nucleotide deletion, a standard PCR reaction 
is carried out: 94°C for 5 minutes, 25 cycles of C94*C tor 45 
seconds, 50°C for 45 seconds, 72°C for 90 seconds) , 72*C for ? 
minutes using the Pwo polymerase under conditions as 
to con I i ie ii scfurer,. "doehj nger -5a Srihh 

25 The resulting approximately 550 bp amplified band was used 

as a jaegapriraer (Sarlk, S and Gaiinski, MS (Wl) ; 
Biotechnraues 10: 4 8 9-490} together with primer BSG 3 in a 

econ R v h paid 7 as term, s ting >NA fragment 

of approximately 1080 bp. 

30 This DNA fragment is digested witn res trio mi on 

endonucisases Acc65l and Sail and ths resulting approximately 
550 bp fragment is iigated into plasmid pPLHl"? digested with 
the same enzymes and transformed into the protease- and 
uu-l-^e a Ihol m . n , - <* - - ^~ A. 75 v i„cc: :o» in 

35 W092 ' lllf " and W03 '106 i) . 

Kanamycin resistant and starch degrading transf ormants were 

-o . m^ v - - m n.m^e.rm ,:.?taii ■ 



wo 
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iigest to verify the introduction of a Hindi 1 1 site in the 
gene} . The DNA sequence betwsen restriction sites Acc;65I and 
Sail was verified by DNA sequencing to ensure the presence of 
only the desired mutations, 
5 SSG variant TVB14S which contains the same 6 nucleotide 

deletion as TPB145 and an additional substitution of asparagine 
193 for a phenylalanine, NX93F, sas constructed in a similar 
way as TVB145 utilising primer {SEQ ID DCs 19} in the 

first PGR. 

50 SG rariaj rv H , containing jo del tic of lit 3132, 

H193E, and L204P, is constructed in a similar way as the two 

->■ t t emplatc k.. 
reactions is plasmid pTV324S iPVtl con, run i the 7 V Ste- 
rnutations within amyS and the mutagenic oligonucleotide for the 
15 first PER is BSGM3 , 

SSG variant TVB162, containing the deletion of I181-G182, 
- *3 and e; R, ; instructed a sim a -v s TVS! 63 
except that the mutagenic oligonucleotide is BSGM4 (SEQ ID NO: 

20 BSC variant TY8163, containing the deletion of I181-G1S2, 

HI93F,- and E214Q, is constructed in. a similar way as TV3161 
excepc chat the mutagenic oligonucleotide is BSGM5 ; SEQ ID NOt 

25 purified as described above in the "Material and Methods" 
section, 

TOMFLE 2 

8*s»««r«ssa«xj.t of th® calcium- and pH~dafwsn<3®ijt stability 

30 formally, the industrial liquefaction process runs using pH 
6,0-6.2 as liquefaction pH and an addition of 40 ppm free 
calcium in order to improve the suability at 95°C~105°C. Some 
of the herein proposed substitutions have been made in order to 
improve the stability as 

35 1. lower pH than pH 6,1 and/or 

.2. at free calciuo. levels lower uhan 40 ppm free calcium. 

rwo differ m :H have con used to measure the 
ore ovemenfs stab it r the dif.i i u, 
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Method 1. One assay which measures the suability at reduced 
pH, pH 5,0, in the presence of 5 ppm free calcium, 
10 \xg of the variant were incubated under the 
to How.-, an conditions: A 0,1 M acetate solution, pH 
adjusted to pH 5,0, containing Sppm calcium and 51 w/w 
common corn starch (free of calcium) , Incubation was 
made in a water bath at 95 'C for 30 minutes. 

Method 2. One assay which measure the stability in the 
absence of tree cased ur m'id where the pH , maintained so p? 
6. Co This assay measures she decrease in calcium sensi tivi tyt 
10 of the variant were incubated under the following 
conditions: h 0.1 hi acetate solution, pH adjusted to 
pH 6,0, containing 51 w/w common corn starch (free of 
calcium) . Incubation was made in a water bath at 95 °C 
for 30 minutes , 

itiO 

All the stability trials 1, 2 have been made using 

The enzyme was incubated under the relevant conditions {1-4} . 
Samples were taken at 0, 5, 0 15 and 30 minutes and diluted 
25 times (same dilution for ail taken samples) in assay buffer 

;0,1M 50mM Britten buffer pH 7.3) and the activity was 
measured using; the Phadebas assay {Pharmacia} under standard 
conditions pH 7.3, 3?*Ch 

The activity measured before incubation (0 minutes) was 
used as reference (100%). The decline in percent was calculated 
as a function of the incubation time. The table shows the 
residual activity after 30 minutes of incubation. 
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5 Stability method 1< / Low pH stability improvement 

The temperature describes in method 1 has been reduced from 
9S°G to 7 0 *C since the amylases mentioned tor SEQ ID NO: I and 
2 have a lower thermostability than the one for SEQ ID HO: 3. 
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Stability method 2, / Low calcium sensitivity 
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5 The specific activity was determined using the Fhadebas 

assay {Pharmacia) as activity /'rag enzyme. The activity was 
determined using the a --amylase assay described in the Materials 
and Methods section herein. 

pe activity of t 5 lie ant 

10 a double mutation was determined to; 

3 SCL SEQ ID HO; 3 (Parent enzyme} 2000Q NT /eg 

TVS145: SEQ ID NO: 3 with the deletion in positions 
1181-0.1.82: (Single mutation} 34 600 mM$ 

15 

TVBI4 6: SEQ ID NO: 3 with the deletion in positions 
1181-G182 + N193E; (Double mutation} 

36600 NU/rag 

TVB163: SEQ ID NO: 3 with the deletion in positions 
30 IlSl-G 182-+H1 9 3 SN-E? UQ: (Triple mutation) 3S300 m/mg 
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jet system using a dosage of 50 KU (S}/g DS at pH 5.5 with 5 
ppm added Ca** f to compare the performance of formulated BSG 
5 alnha-amyiase variant TVB14-6 xSZQ ID NO: 3 with deletion in 
positions 

I181~G182 -v N193F) with that of parent BSG aipha-amyiase (SEQ 
ID NO: 3} . The reaction was monitored by measuring the DE 
increase GNeoouproine method) as a function of time. 
10 Corn starch slurries were prepared by suspending 11,8 kg 

Cerestar C*hha>:m GL 03406 (89 % starch; in deionxsed water and 
ssaking up to 30 kg. The pH was adjusted to 5.5 at ambient 
temperature, af ter the addition of 0 . 55 g CaCt. , 2H ;? 0. 
The following snsyses were used: 

IS 

TVB1.46 108 KNU;S}/g f 146 K8U(SM3;/g 

BSG amylase 101 KM; (S3 /q, 98 KNU (SM9) /g 

An amount of enzyme corresponding to 50 MU S SM3G /g DS was 
20 added, and the conductivity adjusted to 300mS using HaCI . The 
standard conditions were as follows: 

2.5 Von ^ ? ,i 105°C, 5 nun ! Primary liquefaction} 

0 3 t , 30 nvin (Secondary liquefaction} 

30 transported in sealed thermos --flasks from the pilot plant to 
the laboratory..- where secondary liquefaction •> continued at 
93 °C. 

10 ml samples were taken at 15 minute intervals from 15-90 
minutes. 2 drops of 1 N HC1 were added to inactivate the 

expected DS; were weighed out and diluted to 100 ml. Reducing 
sugars were then datacard net according to the heacoproine method 
(Determination of reducing sugar with improved precision. 
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Dye err , Li, Florida and Thomas (1965) . Anal. Biochem 13 
and DE values determined. The development of D£ as a fu- 
of time is given in the following table; 
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can be se? he a -am * <~ r 

siqniiica > e o under Ir.dusti 11 rei plica t 

conditions at low levels of calcium than the parent BSG alpha- 
amylase. 

10 

EXAMPLE 4 
et _Cook and Liquet sc , - N 

1 v N 

Jet cook and liquefaction using a combination of the alpha- 
IS amylase variants, TVB14 6 and LE174 {ratio 1:1; were carried out 
at. the r bi N n< - no c ondi I ions : 

Substrate k , E . Staley food grade powdered corn starch 
(100 lbs j 

D,S. 35% using DI water 

20 . e C p VI t i , ^ , x ' 

Initial pH 5.3 

variant was 28 NU/g starch db for a total dose of 56 IW/q 

23 Hold time in primary liquet sec ion 5 minutes 
Temperature i seconds} i suefs tion >5' : 

At 15 minutes into secondary liquefaction 1,5 cms of 
hydroiytace was added to a tared one liter volumetric 
containing 50 Gee of DI water and 1 mi of one normal HCi and the 
30 - i H n s ded. This was repeats * > i 

iten o tc ? istim % it a as 1 1 >ii s: a;t 



it h i u v " ■» * >■ - \ - 1 

result v a r e 

Time DE 

15 3 . 2 

30 4.8 

45 6.3 

SO 7.8 

75 9.4 

90 10.4 

127 13.1 



so 

REFERENCES CITED 

Klein, C, et al., B x :>ch&s>. i s k r y 1 992, 31, 3740-8746, 
5 OLiruno, 5b, et ai . , J. Moi . Biol. {1993} 234, 3.23C-12&3. 
Chang, Cb , et ai, J. Wei, 5.1 oi . {1993} 229, 235-238, 
Larson, S.B-, J. ml, Biol, {1994} 235, 1566-1.584. 

10 

Lavsoi M, ( 5. Moi. Biol {1994} 236, 590-600. 

Qiao, d. f et al . , Ji Moi . Bioi. {1993} 231, 785-799, 

IS Brady, R. h. , et ai,, Acta CrysldJ logr . sect, 8, 47, 527 •• 555. 

Swift, 55 07, et al . , Acta Crystal logr. sect. B, 47, 535-544. 

A. Kadzioia, Ph.D. Thesis; "An alpha-amylase from Barley and its 
20 Complex with a Substrate Analogue Inhibitor Studied by X-ray 
Crystallography", Depar-anent or Chemistry University of 
Copenhagen 1993b 

MacGregor, E . A . , Food Hydroeolioida, 1987, Vol. 5, No. 5~S. 

25 

1 - ^ it roicb let- 

ters: 56: pp. 53-60 {1988} . 

30 Hudson et ai,. Practical Immunology, Third edition (1989), 

Samhrook et al , .. Poleoul ar Cloning : A Laboratory Manual.. 2nd 

Ed., Cold Spring Harbor, 1989. 

35 

. L. Beaucage and 51 x at he i „ " 75 stt ere 22 1981, 



WO 9^/19467 



SI 

Ma~ rh* : ^ - , ^ , rr * - N 

R ♦ K » Saiki et al<, Scxencs 23§ f 1988,. pp, 4S7-~<=91. 

5 

- - S a t _ s \ ^ . , . " : , 

10 Kunkaeiiier et a;..,, 1984 , Nature 310:105-111 

R. Higuchi, B . Kruiamel, and K.K. Saiki (1988), A general method 
of { t. > , > > ^ 

meats; study of protein and DMA interactions, ivaci .. Acids. Bes. 
15 16 c 7351-7 367. 

Dufonau et al., 1971, j. Hoi. BioX, 56, pp. 209-221... 

Gryczan *■ al., i?"?, , Boo r.u s<; pp. Jl?~329. 
20 S.D. Erlich, 1977, Pros, tot I. Acad. Sci^ 74, pp. 1580-1.682 . 



Boa I 



F€1Y»K;9Ms0444 



52 

CLAIMS 

1. A variant of a parent. Ier?\asy:-i;/,£ a-asyiasi: with a -amylase 

activity comprising mutations in two, three, four,, five or six 
5 of the t "allowing reoic - > ti( 

in !)i r k ^ ■> 

{relative to SEQ ID ^0: 1} : 

1: Rlilp (3182*, Tl 83% G184* 

2 i m 9 1 A , R , D , C , E , 0 ,3 , H , 1 , L , K , H , F , P , S . T , W , Y , V ; 
10 3: V20€A,R,D,r<,C,E,Q,G,Vf, I,L,K,?4. F, bPPPIhtf, Y; 

4: E212A.R, b, N,C, Q, G, H, I ,L, K, RR F\ p, S, T, V?, Y, V; 

5 s E 2 X 6 A , R , D , M , C , Q , G , H , I , L „ k , M , F r ? , S , T r M , Y , V ; 

6: K263A,R,D,N,C,E,Q,G,H, 1 1 h, M, F, P, S, T, 2Q y , \- ; 

{relative to SEQ ID DO: 2) : 
|S Is R.181*,G132*, DX83*,G184* 

2: N195A, R, D, C, E, Co G, H, I » L,K,M, F, P, S,T, W, Y, V; 

3: V206A,R, D , N f C , E Q f G , H , I ,L r K , M , E , P, S/f r Y ; 

4 t E2'3.2A,R. f D, C, Q, G f H, I f L f K,M, E/P, S, T, s",V; 

5; S21SA,R, D,N,C, Q f G,K, I,L„K,M,F,P, S,T/vp Y/V; 
20 6:; K263.A, R, D, M, C, E,Q, G, H, I , h,H, F, P, S, T, W, Y, V; 

(Relative to SEQ ID NO; 3} ; 

Is: &X79*,G180, I18I*,G182* 

2 : N193A, B. t D, C ? E, Q f G, H, I , U K, H, F, P> S, f , W f Y/V; 
3: L204A / E,DhH f G,S f Q r G / H f I,R,M,E,P,S,TpK J ,Y,V; 
25 4 : E210A, R, D, H, C, Q, G, H, I, L, K, M, F, P, 5, ?, W, Y, V; 
5; E214A,R,D,*3,C,Q,G,H,I,L,K,M, F, P, S,T, W, Y, V; 
6; S267A,R,D f *i,C,E,Q,G,H,I,L, R, M, F, F,T, W, Y, V 
Relative to SEQ ID NO: 4} i 

U Nl 90A, R , D, C, £, Q, G, H, X, L, K, 8, F, P, S, T, W, Y, V; 
30 2: X201A,R,D^^C,E,0 ? G ? H,L,K f M f F,P,S/T,W,Y,V? 

3 : D20?A,R,N,C,E,Q,<3,H,I, L; K, H, £> P,S, T r W, Y, V; 

4 5 E21.1A, R> D,N,C,Q, Gj K f X f L, K, M, F, P ? S, T, Y, V; 

5: Q2S4A,R,D,N,C,E,G,H, IPL,K,M, E, =>, S,T, W, Y, V; 

{relative to SEQ ID NO: 5} ; 
35 1: R176*,G17?* / E1?8 / G17S* 

2: MI? ^ ^ D , C , E t Q , G f H ,, I ,< L f K f M f E f p , 3 f T f vf , Y f V"; 

35 V2GlAPiP- D , In , C , F f Q f G f K, X f L f K f M f F, P,SpTpvf,Y; 
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E2IS?p r, : 



,C t E,Q,G,H, 1,'L, K, H, £ 

,N,C,Q,G,H, I,L,K,W, I 
? ^fC, Q,:G> H, I,L,K,M r * 
,N,C,E,Q,C,H,I,L,K,i 



, S,T,W, Y, V; 
f S , T * M f Y ,. V i 
,S,T^,Y ( V; 
,S f T, Y, V; 
,S,<r,W, Y/\ f ; 



2. The variant according to claim 1,- comprising r.he following 
mutations: N190F/Q264S in SEQ ID NO: 4 or in corresponding 
positions in another parent #~ amylase., 

3, The variant according to claim 1, comprising the following 
rsut.at.ione: I181't/G182 */Nl93F in SEQ ID DO: 3 or in corresponding 
positions in another parent Termaasyl like a-amylaae. 



4. The variant a coo: 
substitution in po; 

oi : ,g v m 
amylase . 



pa rem: 
ID MO: 



a hybrid a -amylase 



the 
SEQ 



so v - ^ ~ c- 

terminal amino acid residues- of the. B. IxcheniforniiB a -amylase 
shown in SEQ ID NO: 4 and the 3? N- terminal acd.ro acid residues 
of the cc- amylase derived from S, amy! oli qu ef act ens shown in SEQ 
ID NO: S. 

35 

?. The variant according to claim 5 ? wherein the parent hybrid 
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»rmaT5 t-amyl iurAnsr ha e f. tatio 

H156Y+AI81T+N19GF+A203V+Q2S4S (using the numbering in SEQ I'D HO; 
45 . 

S 8. The variant according to claim 1, exhibiting increased 
stability at acidic pH and/or low CVr' concentration: 

Sh A DMA construct comprising a UNA sequence encoding an a ■■ 
amylase variant according to any one of claims i to 8. 

to 

10. A rocombrnaru. expression rector which carries a DMA con- 

IX. A cell which is transformed with a DNA construct according 
35 to claim 9 or a vector according to claim 10, 

12. A ceil according to claim XI, which is a microorganism. 

13. h cell according to claim 12, which is a bacterium or a 
28 fungus , 

13< i'Cv i I c.i i.a '*a^" i\ ^ c„',c\, jvc 

bacterium such as Bad. 11 us sec >:.ilis. Bacillus licheniformis, 
r«ccilus ^ . c ?.i ; orar:^, r......b,.r - : > ,o. ><l , 

25 Bacillus alkaiophilust Bacillus amyioiiqucfaciexxs, Bacillus 
uoagula.ns t Sac, llus cizculans, Bacillus lautus or Baccl 1 us hu 
ringiensis. 

15. detergent - <- > i o 5 v so variant accor- 

30 ding to any one of claims 1 to 8, optionally in. the form of a 
non-dusting granulate, stabilised liquid or protected enzyme. 

16 < A detergent additive according to claim 15 which contains 
0,02-200 mg of enzyme protein /g of the additive. 

35 

17, A detergent additive according to claims 15 or 16, which 
additional.!;/ comprises another encyme such as a protease, a 



PCTh>Kd8m0444 



pero.aid I t a 



18, A detergent composition comprising an a-amyiase variant ac~ 
5 cording to any of claims 1 to 8. 

tionai'iy comprises another anzyme sucn as a protease, a lipase, 
a peroxidase, another anxiolytic ensyme and/or a celiulass. 

m 

20. A. manual or automatic dishwashing rev. accent composition 
comprising an e-- amy Use variant according to any one of claims 1 
to 8. 

which additionally comprises another enzyme such as a protease, 
a lipase, a peroxidase, another amylolytic enzyme and/or a 
caliuiase . 

20 22, A manual or automatic laundry washing composition comprising 
an a-amylase variant according to any one of claims 1 to 8. 

additional ty comprises another an;: yen such as a protease,, a 
25 lipase, a peroxidase, an ajaylo lytic enzyme and/or a ceilulase, 

30 according to any of claims I to 8 derived from (as the parent 
Termamyi'-like o-acgd.ase> the is, stearotnermophilus a-amy'j.ase 
having the sequence shown in SEQ ID NO: 3; or 
(ii) a mixture of the a-amyiase from B, - - 

having the sequence shown in SEQ ID NO; 3 with one or more 

35 variants according to any of claims 1 to £ derived from one or 
more other parent Xemamyi-like a~. or 
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S6 

(lii) a mixture of one or more variants according any 01 claim 1 
to o a i ^ ^ =5 " c^rl rr , ■> I * ~ i Is*- lo B, 

stearo£herim:>ptmiLu> a-amylass having the sequence shown in SEQ ID 
NO: 3 with one or more variants according to the invention 
5 <tu o txcm ceo or more oh* oarer:": i - , 1 - -> 

25. A composition comprising: 

a mixture of one or more variants according any of claims 1 to 8 
derived from (as the ar ke a-a.my.las B. 

NO; 3 and a Termamyi»like aipoa~a.myiase derived from the .8. 
i.m::ha:;.!f>:-r;.m :v a-smyiase having the sequence shown in SEQ ID HO: 

4 y . 

a mixture of one or more variants according any of claims 1 to 8 
derived from {as the parent Termamyl~Xi.k.e a-amylase) the 3, 
stearothezmopbilus a~amytase having the sequence shown in SEQ ID 
HO: 3 and a hybrid alpha-amylase comprising a part of the B. 
20 P v. «-„myU.s evn n xh o mo - a d of 

the 8, licheniformis a-amylase shown in SEQ ID hO: 4. 

27. The composition according to claim 26, wherein the hybrid om 
amylase i t. yb; - 3 pros an las comprising thi 445 C-term na 

EQ ID NO: 4 and \ 5 a, 

amylase derived from S. amyloliqtisfaciexw shown in SEQ ID HO: 5. 

28. the composition according to claim 21, wherein the hybrid a- 
30 amylase ^ has ~ v 

H15€Y+AlSlT4NI90F^a20$P+QS64:S i using the numbering in SEQ ID HO; 
4) . 

23, The composition according v.c claims 26, comprising a mixture 
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of TVS 146 and LSI S 



30. a iccordin irss :.:o 

8 or a corgc:} :\ according re any of.' claims 2 4 to 29 tor 
washing and/or dishwashing . 



31 . Oin o.-amyi 3 to 
8 , * . t . \ N to any of claims 24 to 29 for 
textile desizing. 

32. Use of an a~amyiase variant according to any of claims 1 to 
8 or s composition according to any of cdaims 2-; to 29 for 
starch liquefaction. 



15 b A rant hod tax v-erat in 3 sriant ( ] unro\b--ii 

a~a.myla.se, which variant exhibits increased stability at low pH 
and at low calcium concentration relative to the parent, the 
met h o d c omp r i a i r-. g ; 

(a) subjecting a DMA sequence encoding the parent. Termanryi-iike 
20 a- amylase to random mutagenesis , 

ib) expressing the mutated DMA sequence obtained in step (a) in 
a host cell, and 

(c: screening for host cells expressing a riur.st.ed a-amylase 
which has increased stability at low pH and low calcium 
25 concentration relative to the parent a~amyla.se. 
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>EQ !CS LISA I NG 



(C- CITY: DK~2S?;0 Baqsvaerd 
OS; COUNTRY; Dee);?*.?:* 

(«} TP.LP.PEONE; 4^5 44 44 S8 88 
AO TPLPPAE: -AE -A 4$ .3 2 5:A 

u;0 title; or invention: any iann vapiante 

- C is 

; R ; COMPTER; TSM i s sompati Oj 

;C} OPERATING SYSTEM: EC- DOS /HE -EOS 

OiETWAEE: Patents Rel«sx« ill A;, Version t.,0 {EEC; 

2} i . . . v ' I ; 

AG SLQNENGE GHAAACTOPASTAOE ; 

00 LENGTH ; 4 A:, a^ino «a:uA; 
■ B) TYPE ; ass : r-.c acid 

00 TOPOLOGY: Linear 
Ui) MOLEOGLG TYPE: peptide 

' ' v ^ \ I : 

His His Aso Giy Thr Asn Giy Thr Met Met: Q.l.n Tyr Phe Giu ftp Tyr 



Leu < - - < , , ^ ^ , 

20 2P 30 

As:n v v v Y.U f Ms \ Txd lis Pro Pro A3 t 

35 40 U 

Lys Ely Thr Ger Gin Asn Asp Vai Ely Tyr Giy i . Tyr Asp Leu Tyx' 



65 90 ?S SO 

Thr Am Asm Gin Lea Gin AOs Ala Vai Thr Bar. Leu Ly ; > Asn Asn Giy 

85 M 95 

lie Gin Val. Tyr Giy Asp vGA Vai Met Asn His Lys Giy G.I v Ala. Asp 
100 105 1.1.0 

Giy Thr G - , j .. 

115 120 " 125 

i 5 Tip } 



F< S1K9J i Ut 4 



Phs- Pro Gi.y Arg Gly Asa «s:i H ; s 5aa: ;L:u: Pus i.ys Trp Acq Trp Vy>: 
145 150 155 160 

Bis Pf;<: Asp Gly Th •: Asp Trp Asp Gin Si?:: Arg G.ls Leu Gin Asn Lvs 

165 170 ITS 

lie Tyr Lya Phe Arg. Gly Thr G.i.y Lya Ai , ? rp Asp :ru Gla Vai Asp 

m IBS xm 

Thr Glu Asn Gly Asn Tyr Asp Tyr Leo mt Tyr Ais Asu Val Ast> Met: 

195 200 205 

Asp Ms; Pro Gla Val lis Sis Glu Leu Arg Asn Trp Gi.y VAX Trp Tyr 

210 m 220 

Thr Ash Thr p.-; Asn Leu Asp Gly Pas Arg lie Asp Ala Vai Lys His 
225 230 23$ 2*0 

lis Lys Tyr :Ar r Phs Thr Arg Asp Trp Leu Thr His Val Arq Ass Thr 

345 250 "255 

r> ^ > ' ' - \. 1 v v. \ ^ - . v , - 

260 265 270 

Gly Ala lie Giu A.sn Tyr Leu Asa Lys Thr Sar Trp Asn His Sex Vsl 
P$ 280 235 

»he Asp Val Pro La a His Tyr Asa Leu Tyr Asn Ala Ser Asa Ger G3.v 
250 295 300 

Gly Tyr Tyr Asp Hat Arg Asn t Leu Asn Gly 5a r Val Vai Gin Lvs 
305 310 31.5 320 

His Pro Thr His Ala Vai Thr Pua Vai Asp Asa His Asd Ser Lis Pro 

325 350 335 

Gly Glu Ai« Lau Glu Ser Pha Val Gin Gin Trp Pha Lvs Pre Leu Asa 

340; 345 35G 

Tyr Ala Leu Val Lea Thr Arg Glu Gin Gly Tyr Pro Ser Vai Phe Tyr 

355 M0 365 

Gly Asp Tyr Tyr Gly Tie fro Thr His Gly Vsl Pro Ala Ms:: Lys S*r 

370 575 380 

Ays- II; As? Pro es sa In Ala Arg 11 ,:, ^n: Ala „<x Al\ Ths 
385 390 395 ' dOG 

is Asp ? 3 - ^ - „„t <, 

4 05 <; 3.0 flS 

- ; ? * Asp 

420 425 430 

M V As p !4at Tv -si Civ 
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Gin vsl Trp Arg Asp lie Thr Gly hsn Arg IPsr: G.i.y Tsr V; ; i Thr lis 

450 455 460 

U As f:-::> n F!ie Ser ¥«i s y Gly S s Ser: 

Gal Trp V-al Lys Gin 
485 

GO TOPOLOGY: 
MOLECULE TYPE; peptide 
Ui; - s : . \; * , . ■ , ^ ; : : 

-Ps His: Asn Gip Thr -s-s Oi y Thr mt Het G : ;i Tyr: Pro ^ i Trp His 
* S 10 15 

Less Pro Asr. Asp Gly Asm His Trp Asm Arg Leo Ar« As>> Asp Ala Ser 

20 23 3D 

As:« Lev; Arg Asn Arg Gly lis Thr Ala II* Trp lie Pro Pro Ala Trp 

35 40 45 

hfs Ply Thr Ser Gin Asn Asp Pal Gly Tyr Gly Ala Tyr Asp L&u Tyr 



36 



50 

His > Asp Gly V&l Asp Try Asp Gir; Ssr A>:q v Phe Gis Arg 
165 ITS 1/5 

He Tyr Lys Phe Arg Gly Asp Gly Lys Ala Trp Asm Trp Giu Val Ass 
56 18 0 iSS 190 
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4 



GIu A:-;a Giy Ass Tyr Asp T y r Leu Hat Tyr: Ala Aap Vai A.ss> Met 

19S 200 205 

His Pro Gia Vai V«i Asa GIs Lea Ar 3 Arg Trp Gly Giu Trp Tyr 



10 



2?S 



Tyr: As;n lis 
295 



sa alii Ser Rsn Ser Giv 
300 



Asp Met Ala 
310 



His fro Met 



His Ma Vai 
325 



Lys •.<• a Lea Aim Gly Thr V:G Vai Gin Lys 

31=5 320 



Thr ?h* Vai Asp Mn His Asp $%r Gin Pra: 
330 335 



Giy Giu Ser 



Leu <3Ia Sar 
340 



Phe Va.l Gin Glu Trp Phe Lys Pro Leu Ala 

MS 33G 



Tyr Ala Las lie Lau Thr. Are. Gin Gin Giy 1 yr Pro Ser Vai AOs Tyr 

35S 36D 3§5 



Ser Vai Pro Ala He;: Lys Ala 



Lys lis Asp ! 
385 



> Giv; Ala Arg Gin Ass PV-: Ala Tyr Giy Thr 
1 395 ' 400 



In Ris Asp 
ly Asr; Thr 



Tyr Phe .Asp 
405 



Kis His As;-; .1 1 a lis Gly Trp Thr Arg Glu 

410 415 



Giy Pro Giy i 
4 35 



Asa Ser Giy Lea Ala Thr lis Met: Sar Asp 

■325 -330 



■ Trp Het Tyr Vai Gly Gin. Ass Lys Aia Giv 
440 445 



Gie Vai Trp } 
450 



455 



■ Vai TO;: lie 



Asa Ala Asp i 
4 65 



Ly Trp Ala 
4~0 



iss Phg Ser Vai Ass Giy Gay Ser 'AG. Ser 

475: 48 G 



wo 9m ( m7 
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lie Try V ? :l Lys Ary 



;ksc?-;.?tion; ,g.; 



Ai* Ai^ . ' Asr; Giy Thr »«• :: Gin Tyr ^ j Tyr Leu 

1 5 1.0 15 

Pro v x w % Asn 

20 25 30 

Leu Sax LP?;: Lau Gl y lie Thr Ala Leu Trp Leu Pro Pro Ala Tvr Lvs 
35 40 45 

Giy Thr Sex- Arc: Per Asp Val Giy Tyr Giy Val Tyr Asp Leu Tyr Asp 

5>0 55 60 

Leu Giy Git: fhe Ash Gin Lys Giy ALs Val Arc; Thr Lys Tvr G.Lv Thr 
6$ 70 7g " ' go 

Lys AU Gin Tyr Leu Gin .Ala lie Gin Ala Ala Ma Ai« Ala Giy Met 
85 SD sL'j" 

Gin Vol Ty:r Ala Asp Val Vsi Phe Asp Hi 55 Ly:5 Giy Giy Aia Asp Giy 

iOGi IQS 110 

Thr Glu Trp Vai Asp Ala Val Giy val Asn Pro Ser Asp Ara Asa Gin 

115 120 125 

Ola lie S«r Giy Tr. r Tyr Gin Lie Gin AG:; Trp Thr Lys; VPs Asp Pha 

130 135 140 

Pro Giy Ary Giy Asr, Thr Tyr 5a r Ser Ph* Lys Trp Arg ?$p Tyr Ills 
1*8 150 135 .160 

Pha Asp Giy Val Asp Trp Asp Gla Ser Ar<; Lys Leu Per Arc; ile Tvr 

165 110 175 

Lys fha Arq Giy Ue Giy Lys- Ala Trp Asp Trp Gia Val Asp t Gla 
ISO 185 190 

i ! - \ His 

185 200 205 

^ - » ) Asa 



FCT/BK98 



Fhe Bor Phe Phs Pro asp lP:p Leu Par Asp Pal Asp Sor Gin Thr GIv 

245 250 25S 

Lys Pro Leu Phe Thr Val Giy Glu Tyr Trp So;: Tyr Asp lis Asn Lys 

2 SO 265 ' 270 

Leu His Asm Tyr lie Me;: Lys Thr Ask Giy Thr Met Per Leu Pho Aso 

27 S 200 285 

Ala Pro Leu His Aso Lys Phe Tyr Thr Ala Per Lys Ser Giy Glv Thr 

2 SO 2*5 300 

Phe p ;5 p Met Arg Thr' Las Met Thr Aso Thr Leu Met Lys Asx. Gin Pro 

30S 310 ais : ' -32©' 

Thr Leu Pis Val Thr PAe Val Asp Ass His Asp Thr GLo Pro Giy G P; 

32S 330 33§ 

Pis Leu Gin Ser Trp V<;i Asp Pro Trp Phs Lys Pro Leo Ala Tvr AU- 

3<so :m sso 

Pho lie Leu thr Arg Gin Glu Giy Tyr Pro Cys Val ?0e Tyr Giy Asp 

355 360; 36S 

Tyr Tyr Giy lis Pro Gin Tyr Aso Xi« Pro Mr. Lou. Lys $er Lys lis 

370 375 380 



Asp Giy Trp Giy Gio Pho Lys - Asn Giy Giy Par Vsi Ser val Trp 

■S6S 470 ' 4 75 4 80 

Gal Pro Arg Lys Thr Thr Val Tor Thr lie Ala Trp Pes lie Tor: Thr 
485 450 495 

Arg Pro Trp Thr Asp Glo Pro? Vsl Pro Trp Thr Giu Pro Arg Pes Vai 
500 305 310 



Aia Trp 
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7 




10 



Ms Gis ills; Gly lie Thr IPs Vsl Trp lis 
35 40 



Thr T-s Gin Als Asp IPs:. My Tyr Gly Ala Tyr Asp ;,>; 



Gly Giu Phs- Has Gin Lys My TP:: Vai Arc. Thr Lys Tyr Gly Thr Lys 

7& ? : S §0 



Gly Giu -Asa Gin Ser Ma lie Lys Ser Pas His :>■•• Arc; Asp lis Mr-. 



Vsi Tyr Gly Ass VT- 1 VPP He A sr. His Lys G.Ly Gly Ais Asp sis Tnr 

im los iio 



Gis Asp VPI Ths A Is V;;.. Gls vvp. Asp Pro APi Asp Ars Asr: Arcs Sal 

115 120 125 



L-as lie Lys Ais Try Thr 



s Gly .A r Thr Tyr ser Asp PAs Lys Trp His Try Tyr His Ase 

XSD 155 ISO 



Asp Gly Thr Asp Trp Asp Giu Asr Arg Lys Paa Ass, Arg 1.1 

l$& 170 



Pbe Gls-; Gly Lys Ala Trp Asp Trp Gls V?d par Asr; Giu Ass Gly Asr: 

ISO 185 190 



Tyr Asp Tyr l< - Tyr n Asp lie Asp Tyr Asp His Pro Asp Pal 
195 200 205 



Ala Ala Gly lis Lys Arc? Trp Gly Thr Trp Tyr Ala Ass Giu As. Gls 



I vSv> <.„ _ Phe 

225 230; ' 235 24 0 



t I. > Met 

2«S 250 255 

?ns Thr VTA AJa Gia Tyr Trp Gir L.u: Asp Per Giy Ala Lea Gla Asn 

240 Zm 270 

Tyr Leu A sr. Ays Thr Asn Phe Are. His ;• V:-i Phe h< » Val Pro L&o 

275 280 285 

His Tyr Gin POs His Ala Ala Ser Thr Gin Gly Gly Giy Tyr Asp Met 

2S>0 KS5 500 

Arg Lys Lee Leu Atn Gly Thr Val Vai Per Lys hi.:. Pro Leu Lvs Sex 

305 3IQ .315- * 

Val Thr Pha Val Asp As;: His; As» Thr Gin Pro Glv Gin: Ser I,eu Giu 

325 335 

Ser Thr Pal Gin Thr Trp Phe Lys Pro Leu Ai« Tyr hi a Phe lie Leu 

'MO 3 i$ 350 

Thr Arg Cllii Ser Gly Tyr Pro Gin Vol Phe Tyr Glv Asp Pet Tvr Giv 

355 m 365 

Thr Pya Gly Asp Ser Gin Arg Gly. Lie Pro Ala Lou. Lys Hi? Lva i'i« 

370 375 380: 

Giu Pro lis Lsu Lys Ala Arg Lys Gin Tyr Ala Tyr Gly Ala Gin His 
3*55 ISO 395 400 

Asp Tyr Pha Pr.p Pis His; Asp lis Pal Gly Trp Thr Are Giu Gly Aep 

*0$' UO ' 415 

Ssr Ser Vai Ala Asn Par Gly Leu Ala Ai-s Lay lis Thr Asp Giy Pro 

320 425 430 

Giy Giy Ala hps Arc; Pet. Tyr Val Giy Arg Gin hsn Ala Gip Giu Thr 

435 U0 445 

Prp His; Asp lis Thr Gly Asn Arg Per Giu Pro V&I Pal 11 a Arr. Ssr 
450 4S5 460 

Giu Giy Pro Gip Giu Phe His Val Ass Glv Giy Ssr Val Ser lie Tvr 
470 US 480 



is; - , 

U) 

> 1 Pt s T!h u; . » 

{B; TIPS', ojssino arid 

i ; TRAXr, PI . ?;. ; uG i 

, N > T A . . - 
ill) MOLSGULT : ' : prorsij, 



WO 



; Me;: Gin ' 



• 'Ltx> Ays Arc Ley Gin As s 

20 2:S 



U: Thr Ale Visl Trp T 1 a Pjxj Pro Al« Tyr Lvs Giy Leu Snr 

,sp Asn Giy Tyr Gj y Pre Tyr Asp Let; Tyr Asp Leu Giy <G 
55 60 

:.!n Ays G.ly Tbr V*l hxq Thr Lys Tyr Giy ?hr Lys Ser Giu 



85 9p §5 

Giy As;p V ; al Val Leu »-;:n His Lys Ala Giy Ai« Asp Ala Thr Gin Asp 
100 105 no 



Pro Jli« Asn teq i 



Ala T;:p Thr Asp Phe Ara Phi 
135 14 0 



Val Gin Ala Vai Arc; Gin , 
2<55 250 



Gin Asn Aso AJ.n Giy "Lys Lnn ■ 



WO 9m.9M1 



Sar Arg His Pro GIu Lys Ala 
315 320 



GX>; . ' „ r fijg 

385 390 395 400 

Asp Tyr lis Asp His Fro Asp VaX U« GXy Trp Thr Arc? «lu Giy Asp 

405 410 415 

Ser Ser Ala Ala Lys Ser Giy Leu Ala Ala Leu Xie The Asp Giy Pro 

-5X-0 >125 450 

Giy Giy S«r Lys Arg Pkrt Tyt Ai-a G>y Leu Ays ksn Al« Giy G.Us Thr 



Tip 7yr Asp I A b TO r Giy Asn Arg Oer Asp Thr VsX Lys Lie Gi.v S-ar 

4m 453 -360 

Asp Giy ?rp Giy Giu PL« fU.j Val Asn Asp Giy S-r Vsi Ser IU. lyr 

4 65 470 4?5 4 00 



Ui.; ,. •> 6; 

■lis His Aso Giy Thy S.s« Giy Thx Met M«t CI:; i'yt Pha Glu Trp Tyr 



Pro a jA is ; \ hrq As S*r i 



WO 99/19*6? 



PS I Pn-P ' ' 



Giy lie Thr »la 'AA Trp lis Pro Pro AS.?. ' 



Lys Ply Ala Gar Gin asn Asp Pal Giy ^'yr Piy Ala Tyr asp Leu 

so se; so 

Asp Lao Gly Glu Phe Asa PI r. Lya Gly Thr Val Are TPs: Lys Tvr Gly 
65 70 ?<; " Hi: 

Thr A;,: Gar Gin Lsu Gin Ala Ala v«X Thr Per Pen Lys Asn hsn Glv 

85 §0 S5 

lift Gho Vei Tyr ply Asp Val Val Met: Asn Pis Lys Giy G.Lv Ala Asp 

100 105 110 

Ala Thr Glu Pel Val Pr y Ala V<> i Glu Yal Asr; Pro Ask A.sn Arc; As* 

120 125 

Gin GP; Val Thr Gly Glu Tyr Thr 5 Qxa Ala Trp Thr - Pho Per 



Pha Pro Gly Are Giy Asa Thr His :A:r Sox Phs Lys Trp Arg Trp Tyr: 
145 ISO ISS " * 160 



Pes Phe Asp Ply Vsi Asp Trp Asp Gin Sor Arc; Arq Leu Pro Asn Arc 

U5 170 ITS 



lis Tyr Lys Pho Are Gly His Glv Lys Ala Ire Asp . Gls Val Asp 

iso xm i90 



Thr Pie Asn Giy Asn Tyr asp Tyr: Lea Pet Tyr Ale Asn Ho Asp Mat 

193 200 20* 



Asp His Pro Gla Val Val Asn Glu I.-, u Arq Per. Trp Giv Val Tr;: xpr 

2.18 215 220 



Thr Asn Thr Leu Gly - Asp GPy Pha Arq Ho Asp Pis Val Lys His 

225 230 235 ' 240 



lie Lys Tyr Per she Ira: Arq- Asp Trp lie Asa HPs Pal Arq Gar Ala 

245 250 25$ 



T Prp Lvs Asa Asp L.% 

260 265 270 



■ a- a lie Glu Asn Tyr Leu Pin Lvs Thr Ass Tre Asn Hie Per Val 

275 2H0 285 



Pne N > ; i T 0t , x 

290 235 300 



Giy Asn Tyr Asp Met Are Asn lie Pha Asn Glv Thr Val Pal Glu Are 
305 310 315 320 

s N% —• " Pre 
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s G hi U G -" - > T. rp vs Pi ; U A 1 

340 34L 350 



3S5 360 363 



• Asp Tys: Tyr Giy He Pro Thr Bis Glv Val Pro Ala Mat Arq S<rr 

370 37 S 380 



H« Asp Pro II* Leo G.ja; Ala Arq Gift Lys Tyr Ala Tyr Gly Lvs 
330 355 400 



; as ft »»v i\i -k-x jt , g:Iu: 

405 410 415 



■ A.sa Thr Ala His Pro A,r. Par Sly L«u Ai« T t Ila Her Ser As» 

420 42S 430 



Lys; try Ma-r Phs Val Giy Arg Asa Lys Ms Gly 
440 445 



Srr Asp He Thr Gly Asn Arg Tnr Gly Thr Val Thr U* 
45S 460 



> Gly Asa Phe Ssr Val As;. Gly Gly Ser Vsl 



>50I : TLL < 
Pl-y-J-AT : 



Usui . 



Gly 1 * - l.U aa in 



Asa Ass Val GU s y; 11 y AJ a i\ 



Phe As;; Gin Lys Giy ?> 



hy 9 Tyr G: 



ISO 

hr Asp Tip Asp Gin : 



: Tyr Lys; Phs- As 9 Giy Thr G.ly Lys Ais Trp Asp Trp GA.; Val Asp 

188 165 190 



; Asr= Giy Ass Tyr Asp Tyr Lee Me;: Tvr Ala Asp val Ass 5 

1*6 2Q& 205 



: Val lis His Gly Leu Arcs Ae.e Trp Glv Val Trp Tyr 

SIS 220 



Thr Asn Thr l.su Ase Leu Asp G.ly Prus Are Ala Asp A;.e Val Lys HA 



He Lys. Tyr Gsr Fhe Thr Arc; Asp Trp Leu TA;: His Vel Arp Ass 
245 250 25S 



Thr Gly Lys Pre fcfc-t: Phe A A; Val Ale Giu Pha Trp Lys Ass Asp Leu 

2M 2SS 270 



Giy AX 1 - j A 5;c Trp Ass His Set 

2?S 290 285 



290 295 300 



G.Ly Tyr Tyr Asp AAA Are As- lis Ten; Ass Gly As Val ■■/id. Gin Lys 
30S 310 315 320 



His ■ ?;•;: 

325 330 335 



Giy Gls Ale Las Giu Gsr Phe Vel G'i s, Git: Are Pne Let. Pro Lss Are 
340 345 ' ' 350 



''A * I ^ iA- Gee ... Arc; Gii: Qls C /i ?:s:o Ss:; Veil A.> t 
3SS 360 36s 



P I >K9§ > 14 



01 y Asp Tyx: fyr Giy lie Pro The His Giy v.; : ; Pro Ala Met Lvs Per 

370 37S 380 

Lys Xl« Asp Pro Leu Leu Gin Ala Arg 01:; Thr Pha Ala Tyr 01 y Thr 



Gin His; Asp Tyr Pee Asp His -lis Aso lie lie Glv Trp Tor Arq Glu 

40$ 410 415 

10 0Io Asn Per See: Hie Pro Ass Ssr 01 y Lee Ala Th s Tie Met: See: Asp 

420 423 430 

Giy Pro Gl y Giy As;. Lys Trp Plot Tyr Va I Giy Lys Asm ova Ala Glv 
435 440 445 

1$ 

Gin Vol. Trp A:<; Asp lie Thr Giy Asa A-:y Thr Giy Thr Va! Thr lis 
450 455 460 

Asn Ala Asp Giy Trp 01 y Aeu Phe Per: V,LL Asa Glv 01 v Sar Vai Sor 
20 460 470 4 IS; 4 BQ 

V«l Trp Vai Lys Gin 
485 

25 < PC EQ ID ^ B : 

ii) PoqGGPOT CHAPAOTER1ST1GS: 

(A} LENGTH c 4 BP a;oi:oo acids 
m TYPE : amino acid 
PL STPALDLLlAiPP; eino.-o 
30. 0.0 TOPOLOGY; i.vaear 

h- «GLGCULS TYPP; peptide 
x x < „ e . 

His His Mn Giy thr: Asr- Giy Thr H«t Met Gin Tvr Phe Giu Pro His 

3S 1 5 10 IS 

~ r > s ' - Asp Asp Ma S*s 

20 2h 30 

40 Asr Lev- A.rg Asr. Arc Giy lis Thr Ala Tie Trp lis Pro Pro Ala Trp 

35 40 45 

r Aso Asp Vai Giy Tyr C so i Tyr 

SO S3 60 

45 

Asp Leo Giy Giu Phe Ass Gin Lys Giy The Vol Are Thr Lvs Tvt: Glv 

SS 70 75 " ' 80 

Thr Ao:g Ser 01 e Leu Ore &r Ala lie: Pis Ala Lfeu Lys Asc Aso 01 y 
50 35 SO 95 

Pal Gin Vs.; Tyr Giy Asp Va.l Val Mot As:; His Ays Glv Glv Ala Ass; 
100 105 110 

55 Ala Thr: O.Li Aso Val Leo Ala Vai Gso Vai A so Pro Aso Aso Arq Geo 



WO 99/1*46? 
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Gin G.G.; II- Ser Gly Asp Tyr Thr I la Glu Aia Trs Thr Lvs AGs Asp 

130 13S 



Pas .r- Al\ A- a Gio Gs;; i'hr ■;/!: is;: As! n U\ x - rp T vr 
145 150 135 igo 



Hiss f'ha Asp Gly Vai Asp Trp Asp Gits Bax htq Gin Pha Gin Asr, Ar<s 

10 170 17$ 



li« • - ' S ' 1 , A.S 55 

180 185 180 



• Aa;p Tyr * t Ala Asa Vai Asp — 



Asp His Pre Glu Vai Vai Asa Gits Lev; Arq Aru Tra Gly Gis Trp Tvr 

210 215: 220 



Thr Aaa Thr Gaa Asc U;u Asp Gly Pha Ara Lis Asp Ala Vai Lvs His 
230 235 " 240 



lis Lys Tvr Bar Pha Thr Ara; Asp Trp La-s Thr His Vai Arc Asrx Ala 
245 250 2SS 



Thr Gly Lys Glu Hat ?::>.-. Ala Vai AGs 31a Phe Trp l.ys Asn Asp Gaa 
260 265 270 



a a Art Lys Thr As;n Trp Asn » 3ar Vai 



Lou As; 



Ays 



Vai Gin GIi; Trp Pha 

54S 



Tyr Ala Laa lie Lsu Thr A.vy Glu Gin Glv Tvr Pre 
355 360 



Asp Tyr Tyr Gly lis Fro Thr His Ser Vai Pro Aia 
370 375 380 



Lys iia Asp. Pro lis Leu Glu Ala Pro ~ a Asu IV; Ala Tyr Giy Th 
305 .TP: 395 ' 40 



' His Bis A | Gia 

40S 410 415 



wo n. ! m&i 



m i i4 



a; > i 

* : .: v .:'\ •. 1455 bass pairs 
SB} TYPE; nucleic acid 

t 

CUf GGLECGLS TYPE; GGA {gsrsonuc! 
CATAATG GAACAAATGG TACTAT r SATG GAATATTTCG AATGGIAT' 



TATGAGGTA? ATGATCAIAG AGAGTGrAAA CAGGAiAAAA ; CAAArCGGAC AAAATAGGGA 

35 v """™ v " v " ' ^ > 

GAAGTGAA'TG GGAGGAAGCG AGGACGAGGAA ACCICAGGAG AGIATGCAAT 
i ' - " 

AGGGGAACAS GGAAGGGCTG GGGGTGGGAA GIGGATACAG AGAATGGGAA GTATGACTAT 

CTTATGTATG CAGACGTGGA TATGGA7GAG OCAGAA.QTAA TACATGAAGT TAGAAAGTGG 

50 ATAAAA? j GGA GGG5 iGGAGACC.- 

atgt'? ..-GAG gg aaggt ttggagaga ggggi :gg ;aa*ggaaaa gga; — go 



45 



55 



WO WW467 



:> LTX2 - 



1? 

I «T K ~ " - 960 

5.C ATGCCGTT i J " A AGCATT 1020 

m - - ~ " 1080 

3 X > TT 114 0 

CAGCATGAT? ACTTTGATOA TCATGATATT > CAAGAGAGGG AAA'; 'AGGTGC 12 00 

' .. C\ > v ! " v v * s N - - _ ?i 320 

TATGTGGGGA AAAATAAAG; A1GA0AAG i SAGAGAXO TTA 23GAAA aggAC.AGG( V' 

* NS . A .Is ss> — - _ 0 — ™ " .1440 

GTTTGGGTGA hQChk 1.4 5 A- 

;2; IGrOAMATION PCS 32Q 20 . 10: 

(A; LS.KGT.-i; 14 5$ bnmi psirs 
(S) TYPE: nuclei c acid 
02; 0TKAK222D00AS: :;.Uku<: 
CD) TOPOLOGY : linear 

CATCATAATG OGAGAAA2GG GACGATGATG CAATACTTTG AATGGCACTT GCCTAATGAT Oil 

5G AATCG2C T GGAATAC > i £ I TAGTAATi , GACC 120 

TATGATCTTT ATGATTTAGG GGAATTTAAT CAAAAGGGGA CGGTTCGTAG ^3 24 0 

VA, GAGT ?VATTGGAGTC T( CATC CAT 5GTTTAAAGA ATAATGGCGT TCIAAC PTfi? 300 

AC A&GXTT ATI"!' 2'C 2C 2AGG ? 02 ACTCAG AC 1 2G CCG AOrA 480 

CATTTCGATG GTGTAGAT TG GGA2CAATCA CGACAAOTCC .AAAAO' C Q TAT CTACAAATTC ! >4 0 

CGAGGTGATG GTAAGGCATG GGATTGGGAA Gl AGATTCGG AAA AT G G AAA T'T A T G ATT AT 600 

SO TTA? 6TATG GAGA < T i AG CO 'i JATGC 660 

A N * x •» t> . 720 

OITAAA'TATA GCTTTA I T AOAGA 202; 

6S 



40 



45 



wo 'i^mr 



^ ^ " - - -- TGC A 1200 

CAT GGC AAT T GAGGAGTTGO GAOTATOATG TCGGATGGGG CAGGGGGAGG GAAGATGGATG 1320 

TAOGTAGGGO AAOOGOGGvOO AGGTGAAGOO OGGGAOGAOA TAAGOGGAGA tk AAOGAGGA GGiO 

20 

1 s x - U<\Q 

ATTTGGGOGA AACGA 1435 

25 

12} f \ 

GiJ GEQOGOCE G 0 ~ GEO 1. 0 T I GG v 

i'A) LONOTG ; 1543 ba.-jfh p«irs 
(B) TYPE: nucleic acid 

30 

\ - . ^ OSSGGIOTGOA GGQ 10 GO: U; 

35 G t 7 ? AG1A TAC'iTGGG GGA" GO GGC 60 

GTTTGGGTGG CGGGGGGTTG GAAAGGAAGA AGOOGGAGCG ACGTAGGGTA GGGAGOATAG 180 

40 

> < l - — , v - ^ ^ - ^ v 240 

AAAGCTCAAT < 1 a. CATTCAAGCC GOCOACGCCG CTGGAATGCA AGTGTACGCC 300 

4S n v. * " - „ - - - - vv , : - v 3K0 

~£ < " G - - . - 42 q 

AAATTTGGTT GTCGGGGGCG GGGGAACAGC TACTCOAGO! OlaAGOGGGG CTGGTAOGAT 4 00 

50 

TTG'GAOGGCG otgattggga GGAAAGGGGA AAATTGAGGG GCATTGACAA ATTCCGCGGO 540 

= OGGGA" TAG T 1TACTTAAT0 600 

SS h'i'Q f. 0 : 1GGG : : GGOIGAGO ^ 6£A 



P ! DK98 *i-U 



35 



I ACACAACGAA CATGGATGGG TL'O 

TTCAGTTTTT TTGGTGATTG GTTGTGGTAT G7GV 



TGTGT i • Grr YGATGCGGGG TTAGAGAAGA AATTTTATAC CGGTiTGAA 



IAGGGGTGGG TGTTTTATGG TGAGTATTA? GGGGYGGGCAO GATA'AGGGG TGGGGGGGTG 

Ga;-,> \\G VGA GGT ;CTOA?CC GG1AGGGATT GIGO rAGGG AACGCAAGA'- 

GATTATCTTG ATCACTCGGA GATCAfCGGG G, x AAGGGGGCAG GGAAAAACGA 

G GA TCC G GAG TGGCCGGGGT GATGACCGA? GGGGGGGGAG GAAGCAAATG GATGTAGGTT 

GGCAAAGAAG ACCAGTGGAAA AG T G TGC'T A T GACCGTACCG GGAACCGGAG TGACAGGGTC 

A.CC A T CAAGA GTGATGGATG GGGGGAATTG AAAGGCAAGCs GGGGTTGGGT TTCGGTTTGG 
GTTCCTAGAA AAAGGAGGGT TTGTACCATG GGTCGGCCGA TCACAAGGGG A.CCGTGGAGT 

GGTGAATTGG TCCGTTGGAG CGAACCACGG TTGGTGGGAT GGCCTTGA 



40 (1x5 FEATURE; 

SGGGGNGG ;GGSC PG PTIGG ; GGQ ID AG; 12; 

45 CGGAAGATTG ( T \ x 

GAGACGGAAA AATGGTCTTA ATGGACGATA TTTATGCAAC GTTCGCAGAT GCTGCTGAAG 

SO 

ggg; n s - - - - - \\--TGTG 

"~T~GG ^ ^ „ ^ ^ _ 

55 xTA'TC-TT'I ZAChl f-I ? > ITT7AGGGC 



> 420 

GCA AAT CTT AAT GGG AGG CTG \C " CAG TAT TIT GAA N TAG ATG GCC 4 68 

ACQ AGC GAA GCG GAT GTG GGC TAC GGT GGT TAG GAC CTT TAT GAT TTA 612 

GGA GAG GTG CAA TGT GCG ATG AAA AGT CTT GAT TCC CGG GAC ATT AAC 70B 

GTT TAG GGG GAT GTG GTG ATG AAG GAC AAA GGC GGC GGT GAT GGC ACC 756 

GAA GAT GTA ACC GGG GTT CAA GTG GAT CCC GGT GAC CGG AAG CCC GTA 80S 

ATT TCA GGA GAA GAG GTA ATT AAA GCC TGG ACA CAT TTT CAT TTT CGG 832 

CGG CGG GGC AGC AGA TAC AGC GAT TTT AAA TGG CAT TGG TAC CAT TTT 900 

GAC GGA ACC GAT TGG GAC GAG TCC CGA AAG CTG AAC CGG ATG TAT AAG 948 

TTT CAA GGA AAG GGT TGG GAT TGG GAA GTT TCC AAT GAA AA.C GGC AAC 996 

TAT GAT TAT TTG ATG TAT GCC GAC ATC GAT TAT GAC CAT GGT GAT GTG 104:4 

GGA GGA GAA ATT AAG AGA TGG GCC ACT TGG TAT GCC AAT GAA CTG CAA 1092 

TTG GAG GGT TTC GGT CTT GAT GCT GTC AAA GAC ATT AAA TTT TCI TTT 1140 

TTT ACG GTA GCT GAA TAT TGG GAG AAT GAG TTG GGC GGG GTG GAA AAC 123 6 

TAT TTG AAC AAA AGA AAT TTT AAT CAT TCA GTG TTT GAC GTG CCG CTT 1284 

CAT TAT CAG TTC CAT GCT GGA TCC ACA CAG GGA GGC GGC TAT GAT ATG 1332 

AGG AAA: TTC GTG AAC GGT AGG GTC GTT TCC AAG CAT CCG TTG AAA TGG 1380 

TTT GAT ACA CAG C t, 

TGG ACT GTG CAA ACA TGG TTT AAG CCG CT? GCT TAC GCT TTT ATT GTG 147 6 

ACA AGG GAA TCT CCA TAC CCC CAG GTT TTC TAC GGG GAT ATG TAC GGG 1524 

ACG AAA GGA GAC TGG GAG CGG GAA ATT CCT GCC TTG AAA GAG AAA ATT 1572 

GAA wo * - C - _ - >0 -r- -vt «•> 

G AT I A. ~ - 1 } - Aos - - 



WO 99/1 MS? 



FCT/DX98/00444 



sa mi, Aca 

CAA AAC GCC 



AAGAGCAGAG AGGACGGA - • G< GA CGTTT'i 



1716 

1612 

1=51 2 
1920 



KG STRAG1EGGGG5: :? :: rv::; ,\ « 

;D) TOPOLOGY; linear 
KEEECOGG TYPE; EGA R^rioruc > 
'EAT ORE t 

m E.EHR - KEY : CDS 
{B} LOCATION; 343. ,1794 
:EQU£ECE E'ESCR I PTION ; ESQ I D kq ; U; ; 

v f&CGAAMGA CSS<SCTGMA ACATTGAGCC TfTGATGAC? GACGATTTGG 60 
; OOATCGATTG TTTGAGGAAA GAAGAAGACC ATAAAEETAC C T TGTCTGT C 120 
• OTATTTTTTA TGCTGTCCAG ACTGTCCGCE GEGTEGAAA? AAGGAATAiGl 180 
TATTATTTTA CTG? hA GCGGGE 1 24 0 

- - - > v ^ 300 

: TTGTOAGTTT GCCGATTACA AAAACATCAG CC GTA AAT GGG ACG 354 
.G TAT TTT AAA TGG TAT ACG GGG AAC GAG GGC CAG CAT TGG GOG 

■0 ATT OCT CCC GCA TAC AAA GGA TTC AGC CAA TCC GAT AGO 4 98 

A GOT >Y .,A" FIG TA1 GAT TTA GGA GAA fTC CAG CAA AAA 5GS 

?G : GGC GAG TCP TTT 0 T\ 1? > 594 

:A CTG CAT TCC CGG AAC GTC CAA GTA TAC GGA GAT GGG GTT 642 

•T Ai i ~ T G GAG GA1 ACT GGG 690 



WO 
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22 

AGT GAT TTT AAA TCG CAT TGG TAT CAT TTC GAC GGA GGG GAG TGG GAT 834 

GAA TCC CGG AAG ATC AGG CGC ATC TTT AAG TTT GGT GGG GAA GGA AAA 832 

5 GGG TGG GAT TGG GAA GTA TCA AGT GAA AAC GAG AAC TAT GAG TAT TTA 930 

ATG TAT GGT GAT GTT GGG TAG GAG GAC GGT GAT G'i ;" GTG GGA GAG ACA 378 

CGT ATT GAT GCC GGG AAA GAT ATT AAA- TTT TCA TTT GTG CGT GAG TGG 1074 

GTT GAG GGG GTC AGA GAG GGG ACG GGA AAA GAA ATG TTT ACG GTT GGG 1122 

TAG GGG GG? TGG TCA GAA GGA GGC GGA TAT GAT ATG AGG CGT TTG GTG 1266 

20 

GAC GGT ACG GTT GTG TCG AGG CAT CCG GAA AAG GGG GTT ACA TTT GTT 1314 
GAA AAT CAT GAC ACA CAG CCG GGA CAG TCA TTG GAA TCG ACA GTC CAA 

26 ACT TGG TTT AAA CCG GTT CCA TAG GCC TTT ATT TTG ACA AGA GAA. TCC 1410 

GGT TAT CGT CAG GTG TTC TAT GGG GAT ATG TAG GGG ACA AAA GGG ACA 14SB; 

TCG CCA AAG GAA. ATT CCC TCA GTG AAA GAT AAT ATA GAG CCG ATT TTA 15 .7 6 

30 

AAA GGG CGT AAG GAG TAG GGA TAG GGG CCC CAG CAC GAT TAT ATT GAC 1554 

\C CCG GAT 1 ^ V» C AC AGG 7 1602 

35 AAA TCA GGT TTG GCC CCT TTA ATC ACG GAC GGA GCC GGC CCA TCA AAG 16:30 

><• - T \ , - -\ VAU-; 

40 

GAG TTT CAT GTA AAC GAT GGG TCC GTG TGG ATT TAT GTT CAG AAA TAA 1734 

GGTAA'TAAAA AAACACCTCC AAGC7GAGTG CGGGTATCAG CTTGGAGGTG CGTTTATTTT 185:4 

45 1 , " - . \ iyi4 

T » TAJ v , " ; TCT C a, 1974 

- - V * TC" ?0*t 

50 

C' ' T" . 208 <i 



WO 9M<NS7 



' 1 O GAACAAATGG TAGTATGAXG , AATGGTATT? OCGAAATGAG 

GGGAAGGATX GGAAGAGGXX v <> GGAGCGAAGT TAAACGVGTAA AGGGATAAGA 

ACACGCAACC AGGTACAGGG TGGGGTGAGC TGXriAAAAA ATAACGGCAT XCAGGTATAT 

-GAC A<\- 5 A A i v-"> ,, ; ^ A AG; \ 

AGaAAGT T TO ATTTTCCTGG AAGAGGAAAT AACCATfCCA GCTITAAGTG GGGGTGGTAT 

CATTT'i'GATG GGACAG&TTG GGATCAGTCA GGGGAGGTT'C AAAAGAAAAT AXGTAAAArG 

AGGGGAACAG GGAAGGCGTG GGAGTGGGAA GTGGATAGAG AGAAXXIGAA CTATGAGTG; 

GTTA'J'GTATG C.AG.ACGTGGA TATGGATCAG GGAGAAGGAA TACATGAaCT TAGAAACTGG 

GGAGTG'TGGG AX AG AAA':: AG AGTGAACCTT GATGGATTTA GAATAGATGC AGTGAAAOAT 

AXAAAATA"; A GGXXXAGGAG AGATTGGCTT AGACATG T GG AGAAAAGGAG AGGTAAACOA 

AFGTTTGCAG XGXXGXGXGTT GGGGAAAAAG GAG'C'/'GGGTG GXAXTGAAAA G7ATTTAAAT 
) < rc( 'vGGGG GGAGAATA-GA 

TGXAATAGGG GGGGGTATTA TGAXATGAGA AAGA'TTTTAA ATGGTTGTGT GGTGGAAAAA 



50 i XGGCX x ; 1 A> : : 

. — ~GGj<VG^AA\ 



wo m/me? 



GTTTGGGTGA AGCAA 

OA' v .. 14; 



(ii; MOLECULE TY?=;: DSG fgerKsnic) 
10 '\ A * i<:. 

GGGAATCACT GGAATAGATT GAGAGA1GAT GCTAGTAATC TAAGAAAGAG AGGtAGGACC 120 

15 

, i \ ~ \ , <. Gt v. - ~ i im 

TATGATCTTT ATGATffAGG GGAAITAGA'? CAAGAGGGGA CGGGGCGTAC TAAGTATGGG 2e0 

20 I „ , 300 

GGGGATOTAG TGAtGAAyCG TAAAGGAGGA GCTGATGOTA GAGAAAACGT TC?~GC?GTO 360 

\ ' K I 4>0 

2S 

ACTAAGTTTG A'TT'TTCCAGG GAGGGGTAAT ACATACTCAG ACTTTAAATG GCGTTGGTAT 4 00 

VITG GGA7CAATCA CGA< CCA* \AA'i"i\ 540 

30 CGAGGTGATG GTAAGGCATG , * GTAGATTCGG AAAATGGAAA TTATGATTAT 600 

TTAAXGTATG C AG A T GT AG A T A.TG GAT CAT GGGGAGGTAG TAAA.TGAGCT TAGAAGATGG 660 

GGAGAAGGG? ATAGAAATAG ATAGAATCTT GATGGAT'TTA GGA'A'AAATGG GAGGOvr "'?A 

3:5 

— \CAT - . ' - - , - %x ^> 780 

1 " T * - V 840 

' ^ * 960 

45 

SO s GTITGC^ 1200 

" K C - ,~ - ~ ^ 1260 

OATCCCAA'TT CAGGACTTGC GACTATCATG TCGGAIGGGC CAGGGGGAGA VAG 1320 

55 



WO 99nM67 
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25 

TACGTAGGGC A^ATA-W V: AGGGCAAOTT IGGCATGACA TAAGGOGAAA TAGAGC'AGGA 1 3fe C? 
AT 7:' TG G G T G A. AAC'GA 145 5 



ECULE TYPE; Dthes nucleic acid 
! DESCRIPTION; /dcse - ",! v m BSG1 
SEQGs 4C.f )ESCRI CG GEC. D N'O 



CGATGAGGCA GTATGT I GAG TOG 



;C) 3TAAG DP DGES S : single 
AG TOPOLOGY ; linear 
!ii) MOLECOAE TV PS; r< - nucleic acid 

(A) DESCRIPTION; /Gesc » "Friassr 3SG3" 
{si; SEQCSSCS DESCRIPTION: SEQ ID MO : 16: 

elCA / GRA AAG YAICA GG 



■0} ETRAYiDEREESE ; eingie 
£13} TOPOLOGY ; 1 ireec 
40 Gi.iG EE.E..ECGLE GYPS; otO;ec ccciccc 

> > 

GGGEGGS Z SS.Q ID G 

45 e W£ - 



(2) A , G<" N , - " ^ 18 



wo nn.M<yf 



% ' v CHARACTERISTIC 
iA; LENGTH ; 41 base v.. 
; 8 } TYPE; nucleic «cic 

iO; TOPOLOGY : linear 



G« A'T'TTGTAAAT G 



LGCSCCS CHARACTER! 5T 
{A; PCKOCR: 26 bass s 
{B} TYPE; naclatic ac: 



TGTOAAAATCG ocatac 



;C: otrancydcasy ■ ^ . <- 

i f A . - " > . , 

} KOLECOLE TYPE ; o;:Aer nucleic acid 

' """nI-I1 ; /cc:;c »•■ "PxA^c BOGAA " 
isi; S EQE ANTE AERCRICOKAA SP ; Q : ID AO: 20 ; 



CTCGSTCACG ACGTGGGGAT GATCC 



I " FOP GAT i OA GOP SEQ , AO I 21: 
;i; SGAXAAACE CHAPACTEP7.CTACS : 
LGAKTFH 



CROC TYPKA other nucleic acid 

SSCs S 'Pr.L •: B 5 3M 

(xi» OEOpPCCCE DEECRICPIOPG CFG IP CO: 21; 



KH7DK9S/Q0444 



mn :^ s i<)\A\ sj y« : j m fori 



PC K « 00444 



IPC6 C12N 3/28, CUD 3/386 



TO: CUN, C110 



S£»JK,FI,N0 classes as < 



WPI, PAJ, 8I0S1S, CA 



c v» mi - . to 



ipprepriat .si 



\ , , \ ,\ i No. 



m 9"mm Al (HOVO HQRDXSK A/S), 6 November 1397 
(06.11.97), pags IS, Hne 23 - page 17, line 4 

WO 9823873 Al (NOVO NORDXSK A/S), a August 1996 

(08.88.96), page 21 - m P*m B - W 77 

m 3510603 Al (NOVO N0RDISK A/S)» 20 April 1995 
(20,04,95), page 18, line I ~ page 20, line 14 



wo - * r x is a, v.), 

28 December 1995 (28,12,95), page 3, 
Mm 20 - Hne 2G, ;] a iws 



1-33 



1-33 



a of Box C. [J See rat 



.20 Janusir v,.19SS. 
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Form ' ,M ;s<i!.i>;3C v ;« ijviy ■■ 
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Rv<:-ti:\l to cisirs.' No 



WO ! ICO:;:: 5 A£ t f.S N v.), 

10 January 1991 (10,01.31) 
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Bos 3 Obsm-stio: 



PCT/OK %/Q0444 



»httt«.tiht.iW«..,,,'. J ,.„ > , i s's i 



. Q DiimsNt*..- 
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Bos II Ob*er*«: 



7i« (tit 



« — ■< * 

s of a pace* TermamvLUke afeh*Hum lase 
* Ammttem are suggests ,w 
rtemmafe&ty at acid pH aad/or tow Ca2-f concentrations 

several .chfterem combats options ofw^-nylasss glvma more » , t , 
enzyms*. v., . N t the art, see search report As no common theory for ail 

>t*!fca:u«f" 

Vri "* ^ 1 ^ c ^edmPCT rule 13.2 has beeni&und 

o-,—, a large number of inventions ail oi ;h, , , , bceo 

1 □ ^^Stii-^^ 0 " 1 ^ ^ % lhi *™™ : *> :h;S ™& r*pvi cov, ; , sSS 



fYFESNATIONAL SEARCH REPORT 
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fotemsfioaai application N-o. 
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■ 



m 9741213 Al 06/11/97 



HQ 9623873 Al 


.08/08/% 


All 


MB 3 396 A 


21/08/96 






BR 


9607735 A 


14/07/98 






€A 


2211406 A 








ck 


1172500 A 


; ^ .J 






ep 


0815208 A 


07/01/98 




20/04/95 


AU 


7807494 A 


04/05/95 






BR 


9407767 A 


13/03/97 






CA 


2173323 A 


20/04/95 






CN 


1134725 A 


30/10/96 






EP 


0722490 A 


/■4/07/96 
















UP 


9503316 T 








y$ 


5753460 A 








us 


5801043 A 


01/09/98 




28/12/35 






22/01/98 






Ml 


* 








rp 




14/05/97 




10/01/91 


AT 


166922 T 


15/06/98 






All 


838263 8 


24/06/93 






AU 


ssiiiso A 


I: oi 31 








61081 8 


31/10/96 








2030554 A 


30/12/30 








1050220 A 


27/03/31 








69032360 0 


00/00/00 






EP 


0410498 A 3 


30/01/91 






S£ 


0410498 T3 








ES 


2117625 T 


16/08/98 






Fl 


910907 0 


00/00/00 






fr 


4509758 T 


13/02/92 








94560 A, 8 


08/02/91 






m 


5782 A 


15/11/04 



